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1. Executive Summary

This test report characterizes the various AIRS core data product differences
going from V5 to V6, and in many instances provides comparisons to other well
validated data sources such as radiosondes. The report also features newly
developed data products which are still being researched and tested to see if
they are within reasonable range of well-established data sources. This
document is used as a litmus test to detect errors before the release of V6 and
as groundwork for which validation can be carried out afterwards. The report
does not touch on much of the changes in algorithm between versions, just the
results of the differences in data values. To get a detailed description of the
algorithm changes, please refer to the V6 Algorithm Theoretical Basis Document.
The report also does not delve much into the reasons for the differences in data
values between V5 and V6 and the anomalies in V6, it only states what the
differences and anomalies are. The reasons behind the anomalies will be
hypothesized and analyzed in a subsequent validation report.

In V5, bias trends in temperature, water vapor, and the low altitude clouds were
significant, but in V6 they have been greatly reduced when compared to
ECMWEF, radiosondes, and other remote sensing data. The yield for temperature
and water vapor profile has been improved to reflect a subset of the data
targeted for data assimilation needs and another that has a better yield to be
used for climate studies. The AIRS cloud top products have seen greater
agreement with CALIPSO and CloudSat when looking at cloud detection and
also the top height of a cloud layer as indirectly reported by AIRS.

The surface temperature and emissivity over land, ocean, and Polar Regions
have seen significant improvements, especially reflected in the more reasonable
range values between night and day for emissivity. This has probably led to an
improvement in the comparison of surface air temperature with radiosondes for
many latitude bands.

Carbon monoxide and methane have seen improvements in the trends and
comparison to direct measurements from aircraft instruments. For total column
ozone, V6 is a slight improvement over V5, but there are still problems when the
surface skin temperature does not compare well to AMSR-E or the scene has a
significant cloud amount.

Top height of the boundary layer and cirrus cloud products are new research
products produced in V6 and currently residing in the Support products. They
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have been tested for this report to see how reasonable they look, but they will be
more rigorously validated in the validation report.

The removal of the failed AMSU-A channel 5 from Version 6 has improved the
retrievals and yields of the core products in the years since AMSU-A channel 5
ceased to function properly. Since AMSU performance continues to degrade, it
may become necessary to switch to AIRS-only retrievals in the future. Therefore,
AIRS-only retrievals of water vapor and temperature profiles are also addressed
in this report.

Page 12



Version 6 Performance and Test Report

2. Introduction

Unless otherwise stated, “Version 6” refers to V6.06 and is generally compared
to V5.0.16.0. Occasionally, “Version 4” may also be referenced, which then refers
to vV4.0.9.0.

The test results can be found in Section 3. The reader should not interpret the
analyses as validation but rather as indicators of the characteristics of the
products and how they differ from those in the previous version. Additional
information can be found in the User guides.

The AIRS product files contain a large number of parameters, ranging from
guality flags to retrieved data values. Complete lists of the parameters can be
found in Appendix A, where the range of values assumed by each parameter is
also listed. Only a small subset of these parameters, representative of the core
retrieved variables, have been tested and assessed. This includes the
thermodynamic quantities (temperature, humidity, cloud parameters), trace
gases (except for CO,, which will be reported on in a separate report), and
surface parameters. The reader is referred to the table of contents.

One of the new features in V6 is that parameters that have previously been
determined as layer averages are now also determined at pressure levels. This is
essentially done by interpolation with smoothing kernels. This mathematical
transformation leads to occasional strange results for water vapor profiles with
inversions, typically near the surface. A section of the test report is dedicated to
this.
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3. Test Results

3.1 General Trend/Yield Testing

Tester and point of contact unless noted otherwise: Joel Susskind

3.1.1 Trends over all retrieved fields
Tester and Point of Contact: Evan Manning

In order to find any large trends in AIRS retrieved products, an automated
process looked for trends in AIRS+AMSU V6.0.2.0 data for every January from
2003-2011 using the January nadir data set. Best-fit linear trends were
calculated separately for day vs. night, land vs. ocean, and 18 10-degree latitude
zones. The results were then manually screened for significance by visually
checking for coherent patterns. Coherent patterns need to show an almost
monotonic progression year-to-year and also need to display similar patterns
across regimes.

Only methane and carbon monoxide fields complied with the coherence
screening. Itis notable that temperature and water vapor did deviate from the
coherent pattern even though in section 4.3 there are indications of trends in
temperature. That is because those trends are smaller than interannual variation
and so can only be reliably measured with reference to ground truth data. This
check uses no ground truth and so can only detect trends that are larger than
interannual variation.

Figure 1 shows the difference in total methane for different stratifications from
baseline 2003 levels. The trend is nearly uniform in space and time. The
measured trend amounts to ~+0.2%/year. A similar analysis of V5 data shows a
much smaller trend, ~+0.05%/year. Team methane expert Xiaozhen Xiong of
NOAA believes that the trend as measured by V6 is consistent with changes in
global methane concentrations measured by other instruments.
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Figure 1. Total retrieved methane by latitude zone  (y axis) for different stratifications. (a)
sea night, (b) sea day, (c) land night, (d) land day

We investigate this trend with more spatial resolution but without the year-by-
year temporal resolution by looking at differences between mean monthly total
methane burden for key months in 2011 minus the same month in 2003.
Interannual variation shows up as regional variation, but the global difference is
fairly constant. Figure 2 shows these differences for January, April, July, and
October.
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Figure 2 Difference in V6.0.2 AIRS+AMSU retrieved  global monthly methane between 2003
and 2011. a) January b) April c) July d) Octobe r

Monthly global images can also be used to check for significant differences in
global trend between the AIRS+AMSU and IR-Only variants of V6.0.2 retrieval.
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o= =,

Figure 3 Difference in V6.0.2 retrieved global mont  hly methane between Jan 2003 and Jan
2011. a) AIRS+AMSU. b) IR-Only.

compares the differences for Jan 2011 minus Jan 2003. No significant change
is seen.
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Figure 3 Difference in V6.0.2 retrieved global mont  hly methane between Jan 2003 and Jan
2011. a) AIRS+AMSU. b) IR-Only.

Figure 4 shows the difference in V6.0.2 AIRS+AMSU retrieved total carbon
monoxide for different stratifications from baseline 2003 levels. This trend is not
as uniform in space or time as the methane trend, but does show coherent
patterns. The global mean measured trend amounts to ~-0.05%/year. A similar
analysis of V5 data gives a slightly smaller trend of ~-0.04%/year. Team carbon
monoxide expert Juying Warner of UMBC believes that the trend measured by
V6 is consistent with changes in global carbon monoxide concentrations
measured by other instruments.
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Figure 4 . Total retrieved carbon monoxide by lati  tude zone (y axis) for different
stratifications. (@) sea night, (b) sea day, (c) land night, (d) land day

As with methane, we also look at differences in mean monthly retrieved CO
between 2003 and 2011. In this case we see significant changes in the spatial
pattern between months, but the change in global mean is similar.
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Figure 5 Difference in mean monthly retrieved carb  on monoxide between 2003 and 2011.
a) January b) April c) July d)October

Figure 6 shows differences in global trend between the AIRS+AMSU and IR-Only
variants of V6.0.2 retrieval for Jan 2011 minus Jan 2003. No significant change
IS seen.
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Figure 6. Difference in V6.0.2 retrieved monthly ~ carbon monoxide between January 2003
and January 2011 a) AIRS+AMSU b) IR-Only
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3.1.2 Yield and Spurious Bias Trends of T(p) and gq(  p)

Version-5 retrievals have been found to have two very undesirable
characteristics with regard to trends, both of which were considered to be critical
to correct in Version-6. The first was that the % yield of accepted retrievals was
found to be decreasing over time (negative yield trend). The second was that the
mean difference of QC’d retrieved temperatures from collocated truth values
were found to be changing over time as well, especially beneath 300 mb
(spurious bias trend). In this section, we examine yield and spurious bias trends
of Version-5 and Version-6 products. We computed volumes of these trends by
taking the slope of the linear least squares fit passing through the values of the
appropriate parameter for each of the seven days as a function of time.

Figure 7 shows these trends as a function of pressure for Version-5, Version-6,
and Version-6 AO. All results are for cases with Climate QC (Standard QC for
Version-5) because trends are most significant with regard to the generation of
Level-3 products used for climate research. It is apparent that Version-6 has
eliminated the substantial negative tropospheric temperature profile yield trends,
on the order of 1% per year, which were found in Version-5. In addition, the
Version-6 negative T(p) bias trends beneath 500 mb are much smaller than
those of Version-5, which were on the order of -0.05K/yr. The negative q(p) bias
trends found in Version-5 are also substantially reduced in Version-6. It is
interesting to note that the spurious q(p) bias trends found in Version-5, as a
function of pressure, tend to follow those of T(p) in sign. This is consistent with
physics in that a spuriously cold temperature solution (trend) result lowers
computed radiance for water vapor channels. If the retrieved temperature is too
low, the solution for g(p) will result in a lowered retrieved water amount so as to
raise the radiances computed using the incorrect value of T(p) in order to match
the observed radiance, resulting in a spurious negative low value (or negative
trend) of g(p). This lowered q(p) (trend) subsequently gives too high a computed
radiance in the window channels used to compute cloud parameters, which
subsequently results in increased values of retrieved cloud fraction, and finally a
spurious increasing cloud trend.
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Figure 7. Global trends of water vapor and temperat  ure bias.

3.1.3 Temperature and Water Vapor Retrieval Accuracy as a Function of
Yield

Figure 8 shows statistics of the differences of QC’d Version-5 and Version-6
retrievals from collocated ECMWEF truth for a globle ensemble of cases taken
over the 7 focus days. Panel (a) shows the percentage of QC’d cases accepted
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as a function of height, panel (b) shows RMS differences of 1 km layer mean
temperatures from collocated ECMWEF truth, and panel (c) shows biases of QC’'d
1 km layer mean differences from ECMWEF. Statistics are shown for six sets of
results. Results for Version-5 retrievals are shown in red, results for Version-6
retrievals (called V6.02) are shown in blue, and results for Version-6 AIRS Only
retrievals (called V6.02 AO) are shown in black. Version-5 did not have QC'd
AIRS Only retrievals. Two sets of curves are shown for each experiment, each
using different QC thresholds. Version-5 had only one set of QC thresholds,
called standard thresholds. These Version-5 thresholds were chosen so as to
provide a middle ground between the highest accuracy, which would be optimal
for Data Assimilation purposes, and the highest yield (best spatial coverage),
which would be optimal for Climate purposes. Experience using Version-5
products showed that Standard QC thresholds were optimal for neither purpose.
For example, Data Assimilation experiments using Version-5 retrievals that
passed a tighter set of QC thresholds than found in the official Version-5 system,
resulted in significantly improved forecasts compared to those passing the looser
Standard QC thresholds. The solid red lines in Figure 8, and subsequent figures,
shows statistics of Version-5 retrievals passing the tighter QC threshold, which
we refer to as Tight QC threshold, and the dashed red lines show equivalent
statistics for the ensemble of Standard Version-5 retrievals. Version-6 uses two
different sets of thresholds, a very tight set of thresholds newly optimized for
Data Assimilation purposes (QC=0), and a substantial looser set of thresholds
optimal for Climate purposes (QC=1). As with Version-5, the solid lines show V6
and V6 AO results using the Data Assimilation (DA) QC thresholds, and the
dashed lines show results using the Climate thresholds. Level-3 gridded products
utilize all cases passing Climate QC.

In Version-5, all retrievals are either accepted or rejected above 70 mb based on
use of different types of tests, even before the QC procedures are applied. One
of the tests that eliminates consideration of the entire temperature profile, and
flags the entire profile with QC=2 (do not use), is that the retrieved cloud fraction
is over 90%. Roughly 83% of Version-5 retrievals pass the initial screening
procedure, but none of them are in near overcast conditions. Version-5 retrievals
with Tight QC have considerably lower yield than those with Standard QC below
200 mb, with correspondingly smaller RMS errors, on the order of 1K beneath
300 mb. There is no appreciable difference in Version-5 bias errors compared to
ECMWEF found using either set of QC thresholds.

Version-6 does not apply any test which eliminates the entire temperature profile,
other than the requirement that the retrieval runs to completion. Version-6
retrievals using DA thresholds have roughly 1K RMS errors throughout the
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atmosphere, with a yield which is much higher than Version-5 Tight down to
about 500 mb. The yield of Version-6 retrievals with DA QC is lower than that of
Version-5 Tight beneath 500 mb, but with a considerable improvement in mid-
lower tropospheric temperature RMS errors, with values less than 1K, which is
believed to be optimal for Data Assimilation purposes. The yield of Version-6
retrievals with Climate QC is extremely high throughout the atmosphere, with a
value of about 83% at the surface. Achievement of this very high yield is
extremely valuable in the generation of more representative Level-3 products
which are used for Climate data sets. RMS errors of Version-6 retrievals with
Climate QC are better than, or comparable to those of, Version-5 Standard down
to about 700 mb, but with a much higher yield. Beneath 700 mb, Version-6
Climate QC RMS errors are somewhat larger than those of Version-5 Standard,
but the Version-6 results are essentially unbiased, which is the more important
statistic with regard to the generation of the Level-3 products used for Climate
research. QC’d results for Version-6 AO are roughly comparable to those of
Version-6 but with a somewhat lower yield near the surface.
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Figure 8. Focus day statistics: Temperature
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Figure 9 shows analogous results comparing QC’d 1 km layer precipitable water
to that of collocated values of ECMWEF. Figure 9 contains results for only
Version-5 retrievals and Version-6 retrievals. Results are shown only up to 200
mb, above which water vapor retrievals are considered to be of minimal validity,
and are not included in the Standard Product data set. The relative results
regarding Version-5 and Version-6 are analogous to those found for T(p).
Version-6 q(p) retrievals with DA QC are considerably improved over those of
Version-5 in the lower troposphere. This improvement is at least partially a result
of the improved values of Ts, &, in Version-6 compared to Version-5. As with T(p),
Version-6 q(p) retrievals with Climate QC are unbiased, have high accuracy, and
contain almost complete spatial coverage.
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Figure 9. Focus day statistics: Water vapor
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Figure 10 shows analogous results comparing QC’d Version-6 q(p) retrievals with
those of Version-6 AO. As in the case of T(p), Version-6 AO water vapor
retrievals are somewhat poorer than those of Version-6, but are still of very high
guality. Part of this degradation results from loss of the information in Version-6
AO contained in the two channels of AMSU-A2, which are very sensitive to
boundary layer water vapor over ocean.
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Figure 10. Focus day statistics: QC comparison
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Figure 8 to Figure 10 provide very important information about the accuracy of
Quality Controlled retrievals obtained by different retrieval systems each using
their own QC procedures. Indeed, the ability of a different retrieval system to
perform QC is a critical part of that retrieval system, especially in the generation
of Level-3 products. Figure 8 to Figure 10 do not tell the whole story about the
relative accuracy of the retrievals obtained in Version-5 and Version-6 however,
because results are shown for different ensembles of cases. Figure 11 compares
RMS T(p) errors of Version-6 and Version-5 retrievals when evaluated on
common ensembles of cases. Results for two such ensembles are shown: an
ensemble of relatively easier (less cloudy) cases given by those cases accepted
in Version-5 using Tight QC (shown in solid lines); and an ensemble including
much more difficult (more cloudy) cases given by those cases accepted in
Version-6 using Climate QC, shown in dashed lines. As previously, Version-6
RMS errors are shown in blue and Version-5 RMS errors are shown in red.
Version-6 retrievals for the easier (solid line) cases are more accurate than those
of Version-5 at all levels, but the degree of improvement below 500 mb is
relatively small for these cases. The accuracy of Version-5 retrievals degrades
much more rapidly than those of Version-6 for the harder cases (dashed lines). In
fact, it is for this reason that the Version-5 retrieval system did not use relaxed
QC thresholds that would have provided much for higher yields to be used in the
generation of Level-3 products.
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Figure 11. T(p) RMS error for different ensembles ( water vapor)

All results shown so far have been for a global ensemble of cases. Table 1
contains a breakdown of two temperature profile statistics, the Tropospheric
Temperature Metric (TTM) and the Boundary Layer Metric (BLM), evaluated over
different spatial regions: global; land 50°N to 50°S; ocean 50°N to 50°S;
poleward of 50°N; and poleward of 50°S. In this table, TTM represents the mean
RMS T(p) error over all 1km layers from the surface to 100 mb, and BLM
represents the mean RMS T(p) error over the 6 lowest 0.25 km layers from the
surface. TTM and BLM results for Version-5 and Version-6 retrievals evaluated
over the Version-5 Tight ensemble are shown in Table 1A, and evaluated over the
Version-6 Climate QC ensemble are given in Table 1B.

Page 28



Version 6 Performance and Test Report

Table 1. 7-Day Mean Statistics Tropospheric Temper

and Boundary LayerMetric (BLM)

ature Metric (TTM)

1A. Cases in Common Using the Version-5 Tight Ensem  ble
Global Land +/- 50° |Ocean +/-50° | Poleward of | Poleward of
50°N 50°S
TTM | BLM | TTM |BLM |[TTM |BLM |TTM | BLM | TTM | BLM
Version-5 1.10|1.29 1119 |1.71 |1.04 |1.13 1.14 |1.50 |1.31 |1.76
Version-6.02 | 0.92 | 1.16 |0.94 |1.49 |0.86 |[0.98 |0.96 147 |1.20 |1.69
1B. Cases in Common Using the Version-6.02 Climate =~ Ensemble
Global Land +/- 50° |Ocean +/-50° | Poleward of | Poleward of
50°N 50°S
TTM | BLM | TTM |BLM |[TTM |BLM |TTM | BLM | TTM | BLM
Version-5 167 | 257 |1.82 | 278 |1.65 | 248 |1.53|2.39 |1.72 272
Version-6.02 | 1.11 | 1.67 | 1.06 |1.75 |1.03 |1.34 |1.12 193 |[1.32]2.02

Version-6 T(p) retrievals are superior to those of Version-5 with regard to both
metrics in all spatial regions. It is important to note the improvement of Version-6
Boundary Layer Temperatures compared to Version-5 especially over land, even
for the easier ensemble of cases. This improvement over land is at least in part a
result of the improved values of land surface temperature and surface spectral
emissivity over land. Improvement of boundary layer temperatures was one of

stated goals of Version-6, which indeed has been accomplished. The

improvement of boundary layer temperatures is even more pronounced when
evaluated over the ensemble of much more difficult cases.
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Figure 12. Same as previous figure but for precipit  able water

Figure 12 is analogous to Figure 11, but shows yields and RMS differences from
ECMWEF of 1km layer precipitable water for Version-5 and Version-6 retrievals
evaluated over the same common ensembles of cases used for T(p) and shown
in Figure 11. As in the case of T(p), layer integrated lower tropospheric water
vapor is more accurate in Version-6 than in Version-5 for the easier sets of
cases, and layer integrated tropospheric water vapor in all layers is much more
accurate in Version-6 for the more comprehensive ensemble of cases passing
Version-6 Climate QC thresholds.

Page 30



Version 6 Performance and Test Report

Figure 13 shows the spatial distribution of a pseudo-Level-3 seven day
field of accepted cases of total precipitable water, Wror, flagged to be of climate
quality (QC=0,1). We refer to this spatial distribution as a pseudo-Level-3 product
because the seven days are not contiguous in time. In Version-6, W+or is flagged
to be of climate quality if the water vapor profile passes the climate QC test down
to the surface. Version-5 uses a different procedure to determine if Wror is of
climate quality. The values shown for Version-6 and Version-5 represent the
ensemble mean difference, for all accepted cases within that grid box, of the
retrieved value of Wyor from the collocated ECMWEF value of Wror. Grid points in
which no accepted values of W+rot were found for any of the seven days, either
daytime or nighttime, are shown in gray. Statistically, Version-6 seven day mean
values of Wrot are considerably more accurate than those of Version-5, both
with regard to global mean bias and as well as to the standard deviation of the
errors. Even more important from the climate perspective, spatial coverage of the
seven day mean Version-6 product, with 99.89% of the grid boxes filled, is much
more complete than that of Version-5, with 96.12% of grid boxes filled. Moreover,
the 3.88% of grid boxes for which no accepted soundings were generated in
Version-5 tend to come in spatially coherent groups in oceanic areas where low
clouds tend to exist.
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Figure 13. Spatial distribution of a pseudo-Level-3 seven day field of accepted cases of
total precipitable water
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3.2 Water Vapor Data Products for AIRS/AMSU and Al RS-ONLY
Layer Product

Tester and Point of Contact: Sun Wong

Data Product Description

H20 MMR (L3)

H20CDSup (L2)

H20CDSup (L2 infrared-only)

AIRS V6 Level-3 (L-3) dataset contains two specific humidity products that are on
standard AIRS pressure layers. One is the layer product similar to the original
layer product in V5, and one is the layer TgJ product for which the quality control
at any layer is the same as that at the surface. Consequently, the layer product
will have higher yields at higher altitudes compared to the yields of the layer TqJ
product, while the yields of the TqJ product are uniform in the vertical dimension.
Figure 14 compares the V6 L-3 specific humidity to the V5 L-3 specific humidity.
Both V6 products have higher yields than the V5 product at all levels. The
improved yields in the V6 products enhance the datasets’ ability to capture the
fine structure of water vapor transport caused by synoptic scale dynamical
systems. Locations of extrema of specific humidity are better resolved in the V6
products. The V6 specific humidity well captures the dynamical structure of the
atmosphere when compared to the MERRA product (not shown). The V6
product underestimates the spatial variability of specific humidity, because of the
smaller mamixa due to the sampling issue over the cloudy or heavily precipitating
area. Although the layer TqJd has a smaller yields than the yields of the layer
product, it can still capture features of the spatial structure of the layer product.
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V5 Layer q 300 hPa (g/kg) V6 Layer q 300 hPa (g/kg) V6 Layer Tqd q 300 hPa (g/kg)

180W 120w 60W 0 60E 120E 18BOE 180W 120W 60W 0 60E 120E 180E 180W 120W 60W 0 60E 120E 180E

Figure 14 Geographical distributions of specific hu midity (in g/kg) on Jan 15, 2007 in the
layers of 250-300 (top row), 400-500 (middle row), and 700-850 hPa (bottom row) for the V5
(left column), V6 Layer, and V6 Layer TqJ Level-3p roducts. The plots are the averages of

the ascending and descending soundings of specific humidity. The missing data are in

black color.
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Figure 15 Comparison of the AIRS Level-2 specific h  umidity vertical profiles to the
measurements of dedicated sondes in the tropics (le ft column, 30°S-30N), mid-latitudes
(middle column, 30=60N), and polar region (right column, 60%~90N). All sondes’ profiles
from 2002 to 2007 are included in these plotsandt he numbers of samples are shown on

the right axis of each panel. The top rowisforp  rofiles without quality control being
applied, the middle row is for profiles selected by quality flags less or equal to 1, and the
bottom row is for profiles selected by quality flag s equal to 0. The black solid lines are the
sonde profiles, the red solid lines are the V5 spec  ific humidity, the blue solid lines are the
V6 specific humidity (layer product), and the blue dash-dotted lines are the V6 infrared-
only retrievals of specific humidity.

Figure 15 shows the vertical profiles of the V5 and V6 Level-2 specific humidity
compared to the measurements by dedicated sondes. The quality control applied
to the middle and the bottom rows are those for the V6 layer product. The V6
specific humidity is closer to the observed values than the V5 specific humidity in
the middle troposphere, in particular when the quality flag of O is applied as the
guality control. When the quality flag of less or equal to 1 is used as the quality
control, the AIRS specific humidity (both V5 and V6) is smaller than the observed
values below about 800 hPa.

Figure 15 also shows the infrared-only retrievals of specific humidity (the dash-
dotted lines). In many situations, its behavior is very similar to the V6 layer
product. In the tropical middle troposphere, the infrared-only retrievals are closer
to the V5 specific humidity and much smaller than the sonde values.

Page 36



Version 6 Performance and Test Report

3.3 Temperature bias and bias trends compared with PREPQC
radiosondes
Tester and Point of Contact: Frederick (Bill) Irion

Versions 5.0.14 and 6.02 AIRS and AIRS-only (withAMSU) retrieved temperatures
(on the 100-level support grid) were compared ajaediosonde observations in the
National Centers for Environmental Prediction (NGERality-controlled final
observation (PREPQC) data files. The latter asmfoperational radiosondes mostly
launched near 00 and 12 hrs GMT, with some launaeed 6 and 18 hrs GMT. In
addition to temperature, pressure and (often) pduimidity observations, the data
records contain codes relating to quality conirotrection methodology, radiosonde
type etc., which were used in filtering the datéobe comparison to AIRS retrieval. To
test and compare Version 5 and 6 AIRS temperagirevals, we matched radiosonde
data to AIRS observations and calculated zonalerayed differences as a function of
pressure.
Radiosonde data were filtered by the followingesid:
1. For each pressure/temperature observation watsmnde profile:
(a) If the “Temperature Program Code” (TPC) wam@icating that
virtual temperature was givem\j), the sensible temperaturg)(was
calculated from the formula:
T v
1+ 0.6080Q
whereTy, Tsare in Kelvin, and is the specific humidity using the same
mass units (e.g., kg-B/kg dry air, not mg kD/kg dry air).
(b) A single-level observation (but not necessahly whole profile)
would be rejected if either the “Temperature Qyaitarker” (TQM), or
the “Pressure Quality Marker” (PQM) was greatentBa
(c) An observation would be kept if the “Temperat@rogram Code”
(TPC) and “Temperature Reason Code” (TRC) were megt@s follows:
(TPC =8 and TRC = 1) (Virtual temperature repotaktulated from
sensible temperature and specific humidity), or
(TPC =1 and TRC = 100) (Temperature and qualitgkera
unchanged from original values read into progranepdata.”), or
(TPC =6 and TRC = 1) (Rawinsonde has had a radi&tias
correction with temperature and/or height recakadg

otherwise the observation would be rejected.
2. An entire sonde profile would be rejected if
(a) the instrument type (ITP) was
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2 through 6, 8, or 9 (not radiosondes), or
90 (radiosonde type unknown), or

100 through 109, or 112 through 225 (vacant, “ramant”, or
reserved fields), or

(b) Accepted sonde temperature levels did not raditbhdes above the 90
mb level or altitudes below the 700 mb level, or

(c) A height gap in the accepted temperature ohsiens was greater than
5 km (calculated from pressures assuming a 7kne $eaght).

For these comparisons, AIRS observations were dantyl-and had to be made within 1
hour and 100 km of a sonde launch. (Note thatdduslead to multiple AIRS
observations matched to the same sonde profilel) 8aytime and nighttime
observations are included, however comparisonsnastly at 0° in longitude and points
eastward over Europe due to launch of sondes rmear GMT and the (ascending)
1:30PM equator crossing time of AQUA satelliiggure 16 illustrates the locations of
coincident observations used for bias calculataursng JJA 2006.

As the quality control flag algorithms have chanpetiveen AIRS V5 and V6, we
selected a simple approach to maximize the numbariocidences while still avoiding
poor retrievals: The only filters for AIRS data what the surface temperature quality
flag (“Qual_Surf’ for V5, “TSurfStd_QC” for V6) hatb be 0 or 1 (“best” or “good”),

and both Version 5 and 6 retrievals for a matclweals had to be successful. We did not
use AIRS quality flags for temperature profilediitering AIRS observations.

Radiosonde data were interpolated (by log pressariie AIRS 100-level vertical
pressure grid prior to comparison. For direct measents between AIRS and
radiosonde temperatures, we did not extrapolatesadde data beyond their original
range.

In addition to direct comparisons between AIRS mwtiosonde temperature profiles, we
have also applied AIRS temperature averaging ketoethe radiosonde data (“kerned
sondes”). The averaging kernal,(a matrix), contains information on the vertical
smoothing and sensitivity of a retrieval, and ikgkated for each retrieved AIRS profile
(both in Version 5 and 6). Put simply, it relatee thange of a retrieved state vector,
to a change in the “true” state vectar,
A=K

OX (1)
We apply the AIRS averaging kernel to the sonda datthe 100-level AIRS support
grid as follows:

X, =X, +TAT (x,-X,) (2)

where:Xestis the temperature profile as AIRS “should hawErsit given its sensitivity to
thea priori and limited vertical resolution,
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Xo is thea priori temperature profile,

xrtis the radiosonde profile,

A is the averaging kernel,

T is a matrix describing the retrieval trapezoidse@isskind et al. [2003]), and

T ’=[T T ]_17 "'is the least-squares inversebf

Details on the calculation @& for AIRS retrievals can be found Maddy et al. [2008].

Note that as sondes do not extend to the lowespres of the AIRS gridding, retrieved
AIRS temperatures are used to fill in missing eleta®fxr (e.g., pressures below the
sonde burst); comparisons of temperatures betw#&e8 And kerned sondes may not be
reliable in the mid-to-upper stratosphere sinceaveecombining in-situ and AIRS remote
measurements as ‘truth’ for this region. We alsternhat the AIRS averaging kernel is
only calculated for the last step of the ‘physiadtieval,” and does not account for
information contained in the neural-network deliwatof thea priori temperature profile
for the V6 retrieval or the fast eigenvector regias [Goldberg et al., 2003] used in the
V5 retrieval.

AIRS minus Radiosonde Bias Calculation

To test changes in AIRS temperature retrievals éetwersion 5 and 6, we selected two
three-month intervals, and binned comparisons dar pmid-latitude and tropical
latitudes. Figure 17 compares results for DJF Q5Ide left panels are the averages of
profile temperature differences between AIRS (V¥ed, V6 in blue) and sonde
observations. The middle column shows the numbebsérvations in each bin. The
right panels show differences of AIRS to ‘kerneddm®temperatures,’ that is, sonde
temperatures that been modified by the AIRS avarpigéernel as in Eg. 2. Rows are by
latitude bins.

The left panels generally show a reduction in tias from V5 to V6 between AIRS and
sondes in the middle troposphere and lower strhgysp with an improvement in the
RMS error. Retrieval biases are mostly within 1i€ept for 90°S-60°S, where a ~1.5K
high bias can be seen around 200mb. Indeed, V@ipesda ‘zig-zag’ bias upwards from
the middle troposphere with biases ranging frori.5K to 1.5K, where V5 biases had a
large spike at 200mb. While cold biases can be se#tre boundary layer at all latitudes
except 30°S-30°N, V6 produces a colder bias thaim\tbe boundary layer in the winter
hemisphere (60°N-90°N and 30°N-60°N bins). Howewes,again note that we have
only applied surface temperature quality contrad4 to filter our data, and not profile
temperature flags.
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The right panels compare AIRS to ‘kerned sonde &atpres.’ (Note that the right
panels have a shorter temperature scale on thess#3cAgain, AIRS V6 shows
improvement over V5 except in the boundary layahennorthern hemisphere, and
retrievals are within +1K of the kerned sonde.

Figure 18 compares biases for JJA 2006. Againbid® comparisons on the left panels
show V6 improvements over V5 for most pressureseixfor the tropical lower
stratosphere, and the southern polar region. Ekugjuithe 90°S-60°S bin, biases tend to
be within 1K except in the boundary layer from 6686PN, and 60°S-30°S where cold
biases greater than -1K can be seen. For the QS H4éin, zig-zag biases can be seen
that are significantly larger during the austrahter months than what could be seen
during the austral summer in Figure 17. In the 960SS bin, a significantly different
bias pattern can be seen in comparing AIRS to sadéhe left panel, and AIRS to
kerned sondes on the right, indicating that shonings in both the priori and the AIRS
physical retrieval contribute to large biases.

We compare biases of ‘Version 6 Regular’ (thatesievals that include AMSU
microwave data), and ‘Version 6 AIRS-only’ (withodMSU data) for DJF 05/06 in
Figure 19. The left panels of Figure 19 are biagganst sondes as in Figure 17 and
Figure 18, while the right panels difference V6 SHRnly and V6 regular. Biases are
similar, with differences between them tending éddss than 0.2K except at polar
latitudes, and near the surface. Similar biases béas differences, can be seen for JJA
2006 in Figure 20.

AIRS Bias Drift Calculation

To calculate and compare any temperature bias dnifersions 5 and 6 AIRS
retrievals, sonde profiles were filtered and matictteAIRS in the same manner
described above, but this time for all availabléahaps from the beginning of 2004
through the end of 2011. (Dates after 2003 weed b3 avoid any ‘jumps’ resulting
from calibration changes after the AIRS on-orbiitslown of October 29 to November
14, 2003.) To avoid seasonal effects skewingekalt, data were binned by calendar
month, with the date of each matched observatibtogbe year+fraction-of-year. (For
example, Feb 1, 2009 at 00:00GMT would have the 2609.084931.) Data were then
binned by pressure level, and a linear least-sgufdref the bias vs. the fractional date
was calculated. The slopes from each calendar meerté then averaged, and this
average is presented in Figure 21 for each latihiml@nd pressure. AIRS comparisons
against sondes are on the left panels, and AIRBstgerned sondes are on the right.
The thin lines show the standard deviation of tleathly averaged slope on each
pressure level.
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Version 6 shows significant improvements in thesld&ft over V5 in most regions
except 90°S-60S, with the absolute value of aftgireduced below 0.05K/yr. For the
60°N-90°N bin, a slightly larger drift can be saerthe lower troposphere, but remains
below 0.05K/yr. Drifts for the southern polar regiemain largely the same, except for
the region between 700 and 400 mb, where a sligddtive drift in V5 is mirrored by a
slight positive drift in V6.

Figure 22 compares the bias drifts between V6 AtRE~and AIRS-regular retrievals.
The right hand panels show the differences in tifesdWhile the drifts are generally
similar, AIRS-only drifts tend to be less than AHR&yular at or just above 100 mb in all
latitude bins, and tend to be greater in the midollepper troposphere except in southern
polar region.
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Figure 16 Locations of AIRS — radiosonde matchupsf  or December 2005-January-February
2006 (left panel), and June, July, August 2006 (rig  ht panel).
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Figure 17 Zonally-averaged comparisons of AIRS minu s operational radiosonde
temperatures (left panels), number of sondes in zon  al bin (middle panels), and AIRS minus
radiosonde modified by the AIRS averaging kernel as in Equation 2. Data are from
December 2005 through February 2006. Note that the  right panels have a shorter
temperature scale than the left panels.
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Figure 19 Zonally-averaged comparisons of AIRS V6-R  egular (using AMSU in the retrieval)
and V6 AIRS-only (without AMSU) minus radiosonde te  mperatures (left panels), and AIRS-
only minus AIRS-regular on the right panels. Dataa re from December 2005 through
February 2006. Note that the right panels have a sh  orter temperature scale than the left
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Figure 20 Zonally-averaged comparisons of AIRS V6-R  egular (using AMSU in the retrieval)
and V6 AIRS-only (without AMSU) minus radiosonde te  mperatures (left panels), and AIRS-
only minus AIRS-regular on the right panels. Dataa re from June through August 2006.
Note that the right panels have a shorter temperatu  re scale than the left panels.
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Drift compared to Drift compared to sonde observations
unmodified sonde observation modified by AIRS averaging kernel
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Figure 21 Zonally averaged temperature bias drift of V5 and V6 AIRS minus operational radiosondes
(Ieft panel), and minus sondes modified by the AIRS averaging kernel asin Equation 2 (right panel).
Trends were calculated by linear, least squaresfitting though calendar month data from 2004 through
2011, with the average slope over all months shown above. Thethinner lines are the standard deviation
of the average slope at each pressure level.
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Figure 22 Zonally averaged temperature bias trends of AIRS V6-Regular (using AMSU in the retrieval)
and V6 AIRS-only (without AMSU) minus operational radiosondes (left panels), and AIRS-only minus
AIRS-Regular (right panels). Trends were calculated by linear, least squares fitting though calendar
month data from 2004 through 2011, with the average sope over all months shown above. The thinner
lines are the standard deviation of the average slope at each pressure level.
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3.4 Surface Air Temperature

Tester: H. Van Dang

Data Product Description

TSurfAir Surface air temperature

TSurfAir_QC Quality control of surface air temperature
TSurfAirErr Error estimate of surface air temperature

Surface air temperature is derived from the two air temperature levels in the
support product where one is above the surface and the other level is either very
close on top or below the surface pressure. The two support air temperatures
levels are weighted and summed to give the surface air temperature. The AIRS
V5 and V6 (V6.0.2) surface air temperature are compared to PrepQC sondes
values. The sondes report air temperature as it ascends the atmosphere and it
does not necessarily reflect the air temperature that AIRS reports at the surface
and so the PrepQC sonde temperatures have been linearly interpolated with the
logarithm of the pressures to AIRS surface pressure level for comparison to
AIRS. Since the sondes are only in specific locations, the results of the testing of
this data product should not be extrapolated too wildly to other regions. The
following are figures showing where over ocean and land we have the sondes
and the number of sondes launched from September to December of 2002 for
comparisons.
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There exists many more land comparisons with sondes than there are with ocean
cases. Land cases mostly occur in the northern hemisphere. This is not a
thorough validation exercise and so the testing is carried out to see if there are
any glaring errors that need to be caught before the release of the product. The
following are the results of the comparison.
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Figure 25. Land and Ocean scenes showing AIRS V5 and V6 sho  wing the average deviation from sondes
per latitude band. Also the number of matchups bet  ween AIRS and sondes per latitude band.
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In Figure 25, the right column shows the number of comparisons between AIRS
V5 and V6 with sondes that existed for the 120 days that were looked at per
latitude band for land cases on the upper figure, and ocean cases in the lower
image. On the left column of figures is the difference between AIRS V5/V6 with
sonde surface air temperature per 10 degrees latitude band for land in the upper
image and for ocean in the lower image. For ocean cases over most latitude
bands, V6 deviates less from the sondes than V5 does. When looking at land
cases and concentrating only in the northern hemisphere where most of the data
exists, for latitude=[20,50] degrees, V5 values appears to be closer to sondes
and for latitude=[50,70], V6 appears to compare better to sondes.

Figure 26 below is similar to the previous image except that the differences
between AIRS and sondes are separated into day and night scenes. Looking at
only the northern hemisphere where the average differences (thicker lines) are
more representative due to a larger data set, it is very apparent that day time
differences between AIRS V5/V6 with sondes are larger for night time scenes
over land. For day time scenes over land, V5 and V6 difference with sondes are
very similar. The thinner lines are the average +/- the standard deviation of AIRS
minus sondes surface air temperature with the colors corresponding to AIRS
version and day/night scenes.
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LAND, 120 DAYS, ELEV DIFF MAX=50m, DIST DIFF MAX=100km, TIME DIFF MAX=3hr
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V5-SONDE, NIGHT
VB-SONDE, DAY
VB6-SONDE, NIGHT

LATITUDE

-6 -4 -2 0 2 4 6 8 10
AIRS-SONDE SURFACE AIR TEMPERATURE

Figure 26. Land cases of AIRS V5 and V6 showing the  average deviation from sondes per
latitude band for day and night cases.
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3.5 Land and Polar Surface Temperature and Emissiv ity

Tester and Point of Contact: Glynn Hulley

Data Products Description
TSurfStd Surface skin temperature
TSurfStd_QC Surface skin temperature quality control
TSurfStdErr Surface skin temperature standard error
SurfClass Surface type classification
fregEmis Frequencies of selected hinge-points in wavenumber
emisIRStd Spectral surface emissivity at 39 nominal hinge-points
emisIRStd_QC Spectral surface emissivity quality control
emisIRStdErr Spectral surface emissivity standard error

This section will describe the AIRS V6 surface property products defined in Table
1 including testing of these products. For testing of the V6 product, a mean
monthly AIRS dataset for January 2007 was chosen for the analysis. Products
are tested using a variety of metrics including; 'geophysical smell test' - do the
retrieved values make physical sense; range checks - do the quantities fall
between physically defined values (e.g. emissivity should not be greater than 1);
standard deviation - what regions have larger variations and why. The V6
products are further compared with the V5 product and the MODIS MYD11 LST
and emissivity products. The majority of the testing is done for the AIRS/AMSU
retrieval using QC = (0,1), but comparisons are also shown with the AIRS IR-only
retrieval

Quality Indicators

In V5 Qual_Surf was used to describe quality indicators for the TSurfStd
and emisIRStd products. In V6, each product has its own quality control, e.g.
TSurfStd_QC, emisIRStd_QC , but the philosophy has not changed (i.e. O=best,
1=good, 2=bad). In theory TSurfStd_QC and emisIRStd_QC should yield the
same results since these two variables are retrieved simultaneously. The pie
charts in Figure 27 show V5 and V6 global percentage yield (QC=0,1,2) from
Qual_Surf for AIRS/AMSU retrievals during Jan. 2007 for two cases: bare
surfaces (emissivity at 1205 cm-1) <0.85) and graybody surfaces such as snow,
ice, vegetation (emissivity at 1205 cm-1>0.85). The statistics indicate a higher
percentage of good retrievals (QC=0,1) in V6 for both arid and graybody surface
types, with the most pronounced difference occurring for bare surfaces due to an
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improved first guess emissivity spectral shape. Figure 28 shows an example of
the standard error in TSurfStd, termed TSurfStdErr, versus the quality control,
TSurfStd_QC . This is a good check to see if larger errors correlate with poorer
guality (QC=2), as they should. On each box, the central mark is the median, the
edges of the box are the 25th and 75th percentiles, the whiskers extend to the
most extreme data points not considered outliers, and outliers are plotted
individually. For both V5 and V6, TSurf errors are below 2K for QC=0, but in V6
the errors for QC=1 are much better constrained than in V5, which has similar
distributions of errors for QC=1,2 extending up to 15 K. In V6 there is much better
correlation between estimated error and QC. Similar results were obtained for the
emissivity product, emisIRStdErr, not shown here.

AIRS v5 Qual_Surf, emis>0.85, Jan 2007 AIRS v5 Qual_Surf, emis<0.85, Jan 2007 AIRS v6 TSurfStd_QC, emis>0.85, Jan 2007 AIRS v6 TSurfStd_QC, emis<0.85, Jan 2007
Qc=0

(a) . (b) //""" (C) (d ac=0 ac=2

ac=2 \

Figure 27. AIRS percent yield for Jan. 2007 based o n TSurfStd_QC using QC=0 (best), 1
(good), 2 (bad) for (a) AIRS V5 graybody surfaces, (b) AIRS V5 bare surfaces, (c) AIRS V6
graybody surfaces, and (d) AIRS V6 bare surfaces.

AIRS v5, Jan 2007 AIRS v6, Jan 2007
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Figure 28. AIRS surface temperature estimated erro  r, TSurfStdErr, versus quality control,
TSurfStd_QC for global AIRS/AMSU retrievals during Jan. 2007.
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TSurfStd

The TSurfStd product represents the 'skin' temperature of the Earth's surface,
which usually represents the top few micrometers of the surface. For the
remainder of the document we will refer to it as the land surface temperature
(LST). Although retrieved simultaneously, the LST is independent of the
emissivity and varies with solar irradiance history and local weather conditions.
Changes made to the AIRS V6 surface retrieval are summarized in Susskind et
al. (2008). Figure 29 shows the mean monthly day-time and night-time LST for
Jan. 2007 retrieved with the AIRS/AMSU V6 algorithm. The temperatures appear
within normal ranges for all regions and time of year, i.e. the hottest temperatures
of up to 340 K are found over the Australian deserts during the summer and
coldest temperatures <240 K over the northern polar regions during wintertime.
Equatorial regions have the smallest diurnal differences while desert regions
have much larger diurnal cycles as expected. The monthly standard deviations in
LST shown in Figure 30 are generally below 5 K but can be as large as 15 K over
Greenland, parts of Alaska and Australia. These variations are unreasonably
high and are most likely due to cloud clearing issues in the retrieval, particularly
when viewing low-level clouds over Polar Regions.

AIRS v6 Day LST AIRS v6 Night LST

—— =

45’

45 S\

240 260 280 300 320 340 220 240 260 280 300
T .

Figure 29. Mean monthly TSurfStd during Jan. 2007 for day-time (left) and night-tim e (right)
AIRS/AMSU V6 retrieval using QC=(0,1).

Page 56



Version 6 Performance and Test Report

AIRS v6 Day LST SDev AIRS v6 Night LST SDev

Figure 30. Monthly standard deviation of ~ TSurfStd during Jan. 2007 for day-time (left) and
night-time (right) AIRS/AMSU V6 retrieval using QC=  (0,1).

Night-time variations are smaller than expected, except over Greenland and
Alaska similar to the day-time results.

Figure 31 shows LST differences for day (left) and night (right) between the
AIRS/AMSU retrieval and the AIRS (IR-only) retrieval. Generally the differences
are small and below the 1 K level, but can be as large as 5 K over snow/ice
covered regions such as Quebec, Canada (day and night), Greenland (day only)
and parts of Europe (day and night). These differences are most likely cloud-
related since with AMSU, retrievals under more difficult cloud conditions are
possible. Users should therefore pay attention to the QC and estimated error
when using this product over polar regions and under more difficult cloud
situations.

Figure 32 shows comparisons between mean monthly AIRS V5 day-time LST
and MODIS LST (MYD11C3 v4.1 product). The mean global bias is less than 1 K
with an RMSD of around 3 K. The largest differences occur primarily over desert
regions in North Africa and Australia (>10 K). Figure 33 shows corresponding
differences between AIRS V6 and MODIS LST. The mean bias is negative but
still less than 1 K. The RMSE is slightly higher at 4 K when compared to V5.
However, this does not necessarily imply V6 is worse than V5. Rather differences
with MODIS are primarily a function of differences in retrieval type (MODIS uses
day/night algorithm), spatial resolution (MODIS is 5 km), and sampling (MODIS is
clear-sky only). In V6,
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AIRS v6 Day LST (AIRS/AMSU minus IR-only) AIRS v6 Night LST (AIRS/AMSU minus IR-only)

Figure 31. Mean monthly day (left) night-time (rig  ht) differences between AIRS/AMSU and
AIRS IR-only V6 LST for Jan. 2007 using QC=(0,1).

biases with MODIS over North Africa and Australia are lower when compared to
V5, but are larger in other areas (e.g. Greenland). Nevertheless a 'sanity' check
with a baseline product such as MODIS is useful in that if identifies over what
areas and types of conditions the largest changes between different product
versions occur.

MODIS Day LST

-

AIRS v5 Day LST

-

45 45

45'S oo : Sz 45's

as - sl
240 260 280 300 320 340 240 260 280 300 320 340
EE ° .

7000

AIRS - MODIS Day LST 6000 Mean = 0.39
= - RMSE = 3.05

Figure 32. Mean monthly day-time differences betwe  en AIRS V5 and MODIS v4.1 LST for
Jan. 2007 using QC=(0,1).
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AIRS v6 Day LST ) MODIS Day LST
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Figure 33. Mean monthly day-time differences betwe en AIRS V6 and MODIS v4.1 LST for
Jan. 2007 using QC=(0,1).

emisIRStd

The emissivity of an isothermal, homogeneous emitter is defined as the ratio of
the actual emitted radiance to that emitted from a black body at the same
thermodynamic temperature. The emissivity is an intrinsic property of the Earth’s
surface and is independent of the LST. For most natural Earth surfaces between
3-12 um, emissivity ranges from ~0.65 to close to 0.99.

Figure 34 shows AIRS V6 retrieved shortwave emissivity at 2632 cm-1 (3.8 um)
for day and night-time data. Emissivities less than 0.85 are typical for most desert
areas due to the strong quartz absorption feature between 8-9.5 um range,
whereas the emissivity of vegetation, water and ice cover are generally greater
than 0.95 and spectrally flat in the 3-12 ym spectral range. Differences between
day and night emissivity should be small, and depend on factors such as dew,
rainfall and snow/ice melt which increases soil moisture content and hence
emissivity. Figure 34 shows shortwave emissivities correlate well spatially both
day and night but the day-time emissivities are generally higher than at night,
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particularly over vegetated regions. The emissivity standard deviations in Figure
35 during Jan. 2007 show largest daytime variations over deserts up to 0.1
(10%), due to improper modeling of shortwave reflected solar radiation in the
retrieval. This was discussed in detail in Hulley et al. (2009). Nighttime variations
are less over deserts but show large signal over boreal regions of northern
Eurasia and North America.

Emissivities in the longwave 820 cm-1 region should normally be stable and
invariant and range from ~0.92-0.99, and at the AIRS product resolution of 50km
should not drop below about 0.94, except over maffic rocks such as pure basalt
regions. Figure 36 shows mean monthly AIRS V5 and V6 emissivities, zonal
means, and histogram distributions at 820 cm-1 for Jan. 2007. In V5, the surface
retrieval produced many unphysical emissivity values, either greater than 1
independent of wavelength, or less than 0.9 in the longwave region. The V5
zonal mean plots in Figure 36 show regions of unphysical values below 0.94 in
the equatorial regions and many pixels with emissivities less than 0.9 in the
histogram plot. In V6 these issues have been resolved and retrieved emissivities
are now well constrained between 0.94-1 in the longwave region, except for a
few outliers over northern Australia and eastern parts of Brazil.

A big issue with the V5 surface retrieval was that diurnal emissivity differences
were very large, particularly in the shortwave region (2632 cm-1) due to residual
effects of improper solar reflection modeling. Figure 37 shows AIRS V5 and V6
diurnal emissivity differences at 2632 cm-1 and their distributions. In V5 the
differences can be as large as 0.3 (30%) in emissivity, and are largest over
desert regions of North Africa and the Arabian Peninsula. In V6 these differences
have been substantially reduced and now range between -0.1 and 0.1. These
differences can be physical, for example due to nighttime condensation on the
surface from dew over arid regions; however, over Australia where V6 has the
largest differences, these seem unphysical. The improved diurnal stability in V6
is a result of several major changes to the retrieval methodology discussed in
Susskind et al. (2008). The changes include a new channel selection, retrieving
LST. The changes include a new channel selection, retrieving LST using
shortwave channels alone, and holding this fixed in the longwave emissivity
retrieval, and improved solar reflection modeling.
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AIRS v6 Day Emissivity (2632 cm-1) AIRS v6 Night Emissivity (2632 cm-1)

R

45’

45 S\

Figure 34 Mean monthly emisIRStd at 2632 cm-1 durin g Jan. 2007 for day-time (left) and
night-time (right) AIRS/AMSU V6 retrieval using QC=  (0,1).

AIRS v6 Day Emissivity SDev (2632 cm-1)

o=

45’

45 S\

90 5

Figure 35 Monthly standard deviation of  emisIRStd at 2632 cm-1 during Jan. 2007 for day-
time (left) and night-time (right) AIRS/AMSU V6 ret  rieval using QC=(0,1).
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Figure 36. Distributions of AIRS V5 (left panels)  and V6 (right panels) global daytime
emissivities at 820 cm-1 for Jan. 2007 using QC=(0, 1).

Improvements in spectral shape due to a better first guess emissivity can be
clearly seen in Figure 38 which shows AIRS mean spectra for V5 (left) and V6
(right) from 2003-2006 over the Grand Erg Oriental, Algeria including first guess
and ASTER emissivity spectra. In this plot the 5 ASTER narrow-bands from 8-12
pm have been fit using a hyperspectral principal component model (black line).
Solid errorbars show temporal variation and solid lines show mean values at the
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selected hinge-points (solid circles). In V5 the NOAA regression first guess starts
off with unphysical emissivities <0.6 in the shortwave and <0.9 in the longwave,
resulting in emissivity being too low with poor spectral shape in the final retrieval
when compared to ASTER (black line). In V6, the MODIS first guess starts very
close to ASTER and there is improved spectral shape in the shortwave region.
The final retrieval fits the ASTER spectra to

AIRS v5 Day-Night Emissivity (2632 cm-1) AIRS v6 Day-Night Emissivity (2632 cm-1)
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Figure 37. Diurnal (day-night) shortwave emissivit vy differences for AIRS V5 (left panels)
and V6 (right panels) at 2632 cm-1 for Jan. 2007 us ing QC=(0,1). Diurnal differences are
reduced by more than a factor of two in V6, althoug  h some unphysical differences are
reduced by more than a factor of two in V6, althoug  h some unphysical differences are still
evident (e.g. Australia).

within a few percent, however the quartz doublet (8-10 um) is not represented
well because MODIS only has one piece of information in this region (band 29).

Figure 39 shows emissivity differences for day (left) and night (right) between the
AIRS/AMSU retrieval and the AIRS (IR-only) retrieval for the shortwave channel
(2632 cm-1). Generally the emissivity differences are small for both day and
night, with RMSEs of 0.006 (0.6%) and 0.005 (0.05%) respectively, but can be as
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large as 0.2 (20%) both day and night. For example over the Taklamakan desert
in China there are large daytime differences, even although the corresponding
LST differences are small. For nighttime data, differences are slightly larger with
the largest variations distributed over more diverse areas, e.g. boreal forests of
northern Eurasia, over parts of Canada, and China.

The surface emissivity retrieval is set to have minimum limits of 0.65 (shortwave)
and 0.92 (longwave). Emissivity retrievals that fall below these limits are
generally considered unphysical values at AIRS spatial resolution (50km).
However, on occasion emissivity values below these limits will be reported for QO
(best) and Q1 (good) quality flags when there is a valid MODIS first guess
emissivity that is unusually low, most likely due to cloud contamination. The logic
for the minimum emissivity limit is as follows: For a valid MODIS first guess, the
min allowable emissivity is min(MODIS - Ag, 0.65) for the shortwave, and
min(MODIS - Aeg, 0.92) for the longwave. The Ag, or 'maxchange' values are set
to 0.25 (shortwave) and 0.1 (longwave), and set the limits to which the retrieval
can move off the MODIS first guess.

0.9

Emissivity
o
™

o
J

06- N - D ] 6 [ P e v ]
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—e— Retrieval —&— Retrieval
ASTER ASTER
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Figure 38. AIRS mean emissivity spectra from 2003- 2006 over the Grand Erg Oriental
validation site in Algeria for V5 (left) using the NOAA surface regression first guess, and
V6 (right) using the UW-Madison MODIS baseline-fit ~ emissivity database. Improvement in
emissivity spectral shape and absolute magnitude ve rsus ASTER emissivity at this site is

clearly seen.
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AIRS vB Day Emissivity (AIRS/AMSU minus IR-only, 2632 cm-1)
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Figure 39. Mean monthly day (left) night-time (rig  ht) differences between AIRS/AMSU and
AIRS IR-only V6 shortwave emissivity (2632 cm-1) fo  r Jan. 2007 using QC=(0,1).

SurfClass, freqEmis, and Sea-Ice

SurfClass is used in the physical retrieval to assign values for the emissivity first
guess based on land cover type. Surface types are set by thresholding
microwave (MW) and/or infrared (IR) data. SurfClass is identical to the
MWSurfClass product when MW only data is used. Figure 40 shows the
maximum AIRS V6 and V5 day and night-time SurfClass values for 6-12 Jan
2007 using the AIRS/AMSU retrieval. The daytime V5 and V6 results are very
similar and surface assignments appear normal. For night-time, there appear to
be anomalies over parts of the Sahara desert, Arabian Peninsula and Chile
where snow classifications have been incorrectly set for both V5 and V6. Figure
41 shows the SurfClass product for AIRS IR-only retrievals. With the loss of
microwave data (AMSU 4, 5) surface classification is more challenging, but
daytime IR-only classes match up well with the AIRS/AMSU, except for at night
were misclassifications appear over the Sahara desert, parts of Spain and in the
US snow cover extends too far south.

Frequencies for retrieved surface emissivity and reflectivity, freqEmis , are
arranged in order of increasing frequency. In V5 only the first numHingeSurf
elements were valid, and so this could vary from one retrieval to the next,
however in V6 the same list of 39 frequencies are always set in the retrieval.
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90 5

Figure 40. Maximum values of SurfClass from 6-12J an. 2007 for AIRS V6 (left) and V5
(right) for daytime (top) and night-time (bottom).

AIRS v6 IR-only SurfClass Day
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Figure 41. Same as Figure 40 except results are fo  r the AIRS IR-only retrieval.
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TSurfStd (K)
Max Min Mean SDev
AIRS/AMSU V6 | Day 276.8 241.5 256.8 8.4
Night 273.9 241.1 255.4 7.8
AIRS/AMSU V5 | Day 279.3 237.8 258.3 9.4
Night 271.7 230.4 253.8 8.5
AIRS IR V6 Day 272.9 240.6 256.5 8.2
Night 272.6 239.7 255.5 7.8

Table 2. TSurfStd statistics over sea-ice pixelsf  or Jan. 2007 day and night.

Table 2 shows statistics of the surface temperature product, TSurfStd over sea-
ice pixels defined by SurfClass for Jan 2007 day and night data, and for
AIRS/AMSU V6 and V5 and AIRS IR-only retrievals. If the classification for sea-
ice is correct we expect maximum temperatures of 273 K. For AIRS/AMSU V6
daytime, less than 5 pixels had temperature exceeding 273 K while AIRS/AMSU
V5 daytime had 12 pixels >273 K. The higher temperatures for V5 could either be
due to misclassification (mixed ocean/ice pixel) or shortwave emissivities that are
too low (Figure 42). For the AIRS IR-only V6 retrieval, max temperatures are
within normal bounds. All retrievals had mean temperatures in the 255-260 K
range with standard deviations of ~8 K.

Figure 42 shows spectral emissivities for a shortwave (2632 cm-1), quartz band
(1163 cm-1) and longwave (820 cm-1) channel for all pixels classified as sea-ice
in SurfClass. We expect the emissivities to be high (~0.98) and spectrally
invariant for ice and in general this is what we observe for the AIRS/AMSU V6
daytime product, expect for a few cases in the shortwave that are <0.96 (possible
misclassification). For V5 there are several cases where the emissivities drop
below 0.95 and also the shortwave is highly variable with many unphysical
values <0.9 and >1. For AIRS/AMSU V6 nighttime, several misclassified pixels
result in shortwave emissivities below 0.95, but the longer wavelengths are
stable, and the retrievals are more stable than in V5. The AIRS V6 IR-only
product emissivities are stable and invariant both day and night for all three
channels, except for nighttime which is slightly higher variability.
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AIRS v6 Nighttime Sea-lce Emissivity

1.05 T 1.05
- 1 - -
: 0.95 :
09+ 1 0.9 1
2 2
S o85- 1 S o850 1
w w
2 @
£ 08F . E 08r T
w L
0.75+ 1 0.75+ 1
07+ - 0.7+ .
— 820 cm-1 —— 820 cm-1
065+ — 1163 cm-1 . 065 —— 1163 cm-1 ]
2632 cm-1 ——— 2632 cm-1
06 : : . . : : . . ! ‘ ‘ : . ‘ : . .
0 20 40 60 80 100 120 140 160 180 0 6c) 20 40 60 80 100 120 140 160 180
Sea Ice pixels Sea Ice pixels
AIRS v5 Daytime Sea-Ice Emissivity AIRS v6 IR-only Nighttime Sea-lce Emissivity
1.08 T T T T T 1.05 T T T T T T
1 E 1
0.95 : 1
0.9 1 09t J
= >
S 085 1 S 0.85F 1
2 2
0.8 - L J
IE IE 0.8
0.75 1 0.75f i
0.7+ R 07} .
—— 820 cm-1 —— 820 cm-1
065- — 1163 cm-1 1 065 — 1163 cm-1 1
——— 2632 cm-1 ——— 2632 cm-1
0.6 - : . 7 : 0.6 : : : : v g
0 20 40 60 80 100 120 0 10 20 30 40 50 60 70
Sea Ice pixels Sea Ice pixels
AIRS v6 IR-only Daytime Sea-lce Emissivity AIRS v5 Nighttime Sea-lce Emissivity
1.05 : ‘ ‘ : : : 1.05 . - : !\ — ‘ ‘
1 1 1 AV 1
= A )
0.95 1 0.95 .
0.9 1 0.9 1
= =
S 085 1 S 085F 1
[7] w
] @
E 08 R E o08f 1
i i
0.75 1 0.75+ 1
07 1 0.7f .
—— 820 cm-1 —— 820 cm-1
065 — 1163 cm-1 B 065- — 1163 cm-1 1
——— 2632 cm-1 2632 cm-1
06 I ‘ s . . . 0.6 T . s ) ;
0 10 20 30 40 50 60 70 0 20 40 60 80 100 120

Sea Ice pixels

Sea Ice pixels

Page 68



Version 6 Performance and Test Report

Figure 42. AIRS/AMSU V6 (top rows), V5 (middle row s), and AIRS V6 IR-only (bottom rows)
surface emissivity for three channels (820, 1163, 2 632 cm-1) for sea-pixels classified by
SurfClass during July 2007 for day and night-timed  ata.
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3.6 Ocean Surface Temperature and Emissivity
Tester and Point of contact: Joel Susskind
Surface Skin Temperature, T s and Surface Spectral Emissivity, &y

The most significant difference in the retrieval methodology used in Version-6
and in Version-5 is the approach used to determine T and €,. Version-5
simultaneously retrieves Ts, longwave surface emissivity €y, and shortwave
surface emissivity &, Using cloud cleared radiances for an ensemble of
longwave and shortwave window channels. Following theoretical considerations,
Version-6 simultaneously retrieves Ts and €, Using  for an ensemble of
channels found only in the shortwave window regions. According to cloud
clearing theory, the Version-6 approach allows for the determination of accurate
values of Ts under
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Temperature Difference Mean  STD % Coses  Feiseni
s 0c=0. 1 |3 from mean
=0, -0.34 0.96 24.02 1.21
V6.02 Qc=0,1 -0.54 0.59 53.30 1.48
V6.02 AIRS Only QC=0,1 -0.56 0.59 50.18 1.57
V5 QC=0 -0.24 0.86 12.74 0.49
V6.02 QC=0 -0.49 0.54 41.42 0.67
V6.02 AIRS Only Qc=0 -0.52 0.55 41.58 0.83

Figure 43 Surface skin temperature difference fors  even days with combined night and day
time data for 50S to 50N over non-frozen ocean.
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more stressing cloud conditions than does the Version-5 approach. Longwave
surface spectral emissivity is solved for in Version-6 in a subsequent step, using
R, in channels found only in the longwave window region, as well as values of Ts,
T(p), and g(p) determined in previous steps. Figure 43 shows counts of all
Quality Controlled Ocean Surface Skin Temperatures over the latitude range,
50°N — 50°S, as a function of the difference between Ts and ECMWF “truth” for
the 7-day evaluation period. Counts of Version-5 retrievals are shown in red and
pink, Version-6.02 retrievals are shown in dark blue and light blue, and Version-
6.02 AO retrievals are shown in black and gray. The lighter shade of each color
shows counts of best quality Ts retrievals with QC=0 and the darker shade shows
counts of both best and good quality Ts retrievals including cases with QC=0 or 1.
Ocean T retrievals with QC=0 or 1 are the ensemble used to generate the Level-
3 Oceanic SST product. Figure 1 also contains statistics for each set of retrievals
showing the mean difference from ECMWEF, the standard deviation of the
ensemble differences, the percentage of all possible cases included in the
Quality Controlled ensemble, and percentage of all accepted cases with absolute
differences from ECMWF of more than 3K from the mean difference. Such cases
are referred to as outliers.

Version-6.02 QC'd retrievals accept considerably more cases than Version-5 and
have much lower standard deviations of the errors as well. In both ensembles,
the percentage of outliers grows with loosening the QC thresholds as expected.
Version-6.02 outliers with QC=0,1 are somewhat larger than Version-5, but the
yield is more than twice as large. It is noteworthy that Version-6.02 retrievals with
QC=0 have a much smaller percent outliers than does Version-5 retrievals with
QC=0,1 along with a substantially higher yield. One point of slight concern in this
figure is that the cold mean bias in Version-6.02 retrievals compared to ECMWF
is somewhat larger than that of Version-5. Statistics of QC’d Version-6.02 AO
retrievals are very similar to those of Version-6.02.

Figure 44 shows the spatial distribution of the seven daily differences of the
Level-3 SST products from collocated ECMWF values for both Version-6.02 and
Version-5. The values shown in a given grid box are the average values for that
grid box of all accepted cases where the SST retrieval was accepted either at
1:30 AM or 1:30 PM. A grid point for which not a single value of QC’'d SST was
obtained for all 14 possible cases (seven days, twice daily) is shown in gray.
Figure 2 represents the spatial coverage and accuracy of “pseudo seven day
mean” Level-3 products. The seven days included in the figure are not
consecutive, but the figure is very informative nonetheless.
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The caption under each field indicates the mean difference of the Level-3 SST
field from its own collocated ECMWF values, the spatial standard deviation over
all grid points of the Level-3 differences, and the % of all possible grid points that
have at least one accepted value over the seven day period (i.e., one not gray).
The Version-6.02 Level-3 SST product has much better spatial coverage, with
98.35% of all oceanic grid points 60°N-60°S being filled, compared to Version-5
with only 92.24%. Moreover, there are large coherent spatial areas in which no
Version-5 retrievals were accepted on any of the seven days. The spatial
standard deviation of the Version-6.02 Level-3 SST product errors compared to
ECMWE truth is also much smaller than that of Version-5, and the Version-6.02
area mean negative bias is also smaller than that of Version-5.

7-Day Surface Skin Temperature (K) Non-Frozen Ocean
Retrieved minus ECMWF  AM/PM Average

Version-6.02 Version-5
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Figure 44 Difference between AIRS and ECMWF surface  skin tempareture for V5 and V6.
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Figure 45 to 48 show statistics related to retrieved ocean surface spectral
emissivity €, as a function of satellite zenith angle for v = 950 cm™ and v = 2400
cm™. The channels are in the longwave and shortwave window regions
respectively. In these figures, statistics are shown separately for AM orbits in
dark colors, and PM orbits in light colors. Figure 45 and Figure 46 show the
mean differences of retrieved values of €, from those values calculated using the
Masuda ocean spectral emissivity model, which is taken as truth. In both the
longwave and shortwave window regions, Version-6.02 (as well as Version-6.02
AO) retrieved ocean spectral emissivities as a function of satellite zenith angle
are very close to the values expected using the Masuda emissivity model.
Differences of Version-5 retrieved g, from ECMWF truth are much larger than
those of Version-6 AO. Version-5 values of g, also show a large spurious feature
during the day in the vicinity of a satellite zenith angle of -18.24 degrees, which is
the viewing angle in which sunglint appears in the field of view. Figure 47and
Figure 48 show the standard deviations of the retrieved values of €, from their
mean values for the same two frequencies. These standard deviations are much
smaller in Version-6.02 as compared to Version-5 indicating that the retrieved
values are not only more accurate in Version-6.02 but considerably more stable
as well. There is no appreciable difference between Version-6.02 and Version-
6.02 AO in results related to ocean values of g,.

Surface spectral emissivity over land is not well known nor is it easily modeled.
Nevertheless, land surface emissivity is not expected to change significantly from
night to day. Therefore, it is useful to examine the characteristics of land surface
emissivity determined at night minus those determined during the day. Figure 49
shows the 7-day mean value of the nighttime minus daytime retrieved Quality
Controlled surface emissivity over land as a function of satellite zenith angle for
950 cm™* and 2400 cm™. The (spurious) diurnal signal in Version-6.02 land
surface emissivity is much smaller at both frequencies than found in Version-5.
This is an indication that Version-6.02 land surface emissivities should be of
higher quality than those of Version-6. Figure 50 shows the spatial distribution of
the nighttime minus daytime seven-day mean land surface emissivities of 950
cm™ and 2400 cm™ for both Version-6.02 and Version-5. Some spurious
day/night differences in land surface emissivity still exist in Version-6.02,
particularly over the Sahara desert and Saudi Arabia at 2400 cm™, but these
diurnal differences are much smaller than those found in Version-5.
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Figure 45 Mean difference between AIRS and Masuda e  missivity for 950 cm 1
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Mean 2400 cm ' Emissivity minus Masuda
50 North to 50 South Ocean
y

7—Da
.0050
.0000 —
——
.0050 |
-0too —-"'_'-\_
0150 _..__/ [ —
T \\\\__\
.0200
.0250 //
.0300 | —
.0350
.0400
.0450 |
05007 94 “38.04 -28.14 —18.24 -8.34 1.56 '11.46 '21.36 '31.26 41.16
—_— V5 1:30 AM
V5 1:30 PM
V6.02 1:30 AM
V6.02 1:30 PM
— G . 02 1:30 AM AIRS Only
e V6.02 1:30 PM  AIRS Only

Figure 46 Mean difference between AIRS and Masuda e missivity for 2400 cm
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STD 950 cm™' Emissi
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Figure 47 Standard deviation of Emissivity at 950 ¢ m™.
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Figure 48 Standard deviation of Emissivity at 2400 cm’
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Figure 49 Mean difference between daytime and niiqht time emissivities for 950 cm ™ and 2400
cm™.
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Figure 50 Mean difference in Emissivity between nig  ht and day for different AIRS versions.
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3.7. Microwave Surface Products
Tester and Point of Contact: Bjorn Lambrigtsen

We have done limited testing of MW products to make an assessment of derived
surface emissivity as a proxy for all MW-only L2 products. The bottom line is

The radiometric sensitivity of AMSU-A channel 5 has steadily declined
This has resulted in noise entering MW-only products

As aresult, MW-only L2 products have also steadily declined

A decision was made to exclude ch. 5 from V6 processing

This has resulted in improved performance of MW-only products

Even with the improved performance, users should exercise caution when using
MW:-only products, since the absence of ch. 5, in addition to ch. 4 (which was
excluded from processing some time ago) and ch. 7 (which has been excluded
since launch) has resulted in a decline in information content with unknown
consequences.

Figure 51 shows ch. 5 brightness temperature for a sample granule in 2002 (left)
and 2011 (right). The 2011 image exhibits striping, which is the result of applying
noisy calibration coefficients computed per scanline. Such striping will always be
present, but the noise amplitude is normally very low and not noticeable, as
shown in the 2002 case.
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Figure 51. AMSU-A channel 5 brightness temperature  : 9/14/2002 (left); 4/21/2011 (right)

Figure 52 shows retrieved surface emissivity at 50.3 GHz for the 2011 sample
granule processed with V5, which uses ch. 5, and with V6, which does not use
ch. 5. It can be seen that the ch. 5 striping noise carries through to the V5
product but is absent from V6 because ch. 5 is no longer used.

Figure 53 also shows retrieved surface emissivity at 50.3 GHz but for the 2002

granule. No striping is apparent in either V5 or V6 because ch. 5 was performing
nominally in 2002.

100° W 90" W 80’ W 70 W Cw %0 W 80 W 70w W 90'W 80°W 70W

Figure 52. Retrieved surface emissivity at 50.3 GH  z, 4/21/2011: V5 (left); V6 (center); V6-V5
(right)
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100 W % W 80 W oW w 90" W 80 W 70W W 20’ W 80" W 70°W

Figure 53. Retrieved surface emissivity at 50.3 GH  z, 9/14/2002: V5 (left); V6 (center); V6-V5
(right)

The results shown previously for 50.3 GHz are representative of emissivity at
other frequencies. Users can expect similar effects for other retrieved MW L2
products as well and are advised to exercise caution. V5 products from 2010 and
later may be suspect. In addition, although V6 does not exhibit the prominent
noise striping, V6 MW L2 processing excludes the use of 3 AMSU-A channels (4,
5 and 7) and all HSB channels and MW L2 products can therefore be expected
to suffer from reduced information content.
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3.8. Cloud Top Properties

Tester: H. Van Dang

Data Product |Data Description

CldFrcTot Total cloud fraction coverage for 15km footprint

CldFrcTot QC Quality control of CldFrcTot

CldFrcStd Maximum two layer cloud fraction coverage for 15km footprint
CldFreStd_QC Quality control of CldFrcStd

CldFrcStdErr Error estimate of CldFrcStd

PCldTop Pressure of maximum of two layers of clouds within 15km footprint
PCldTop_QC Quality control of PCldTop

PCldTopErr Error estimate of PCldTop

TCldTop Temperature of maximum of two layers of clouds within 15km footprint
TCldTop_QC Quality control of TCIdTop

TCIdTopErr Error estimate of TCIdTop

AIRS cloud top properties include cloud top temperature (CTT), cloud top
pressure (CTP), and effective cloud fraction (ECF), along with the quality
indicators and error estimates associated with each of the three above

mentioned data products. AIRS V6 (V6.0.2) cloud products have changed
significantly from V5. The V6 cloud top temperature (CTT) and pressure (CTP)
are now reported in the 3x3 AIRS field of view (FOV) of about 15km wide rather
than the 50 km AMSU FOV of AIRS V5. V6 top layer cloud position does differ
dramatically from V5 as shown in the following figures.
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Figure 54. Distributions of Cloud Top Height over
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Figure 54 A-D all depict 7 days in January 2007 over ocean of AIRS, averaged
CALIPSO (5km Version 3.1), and averaged CloudSat (2B-CLDCLASS version
RO4) top layer cloud top height (CTH) histograms. CALIPSO and CloudSat have
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all been collocated and averaged to AIRS 15km FOV and all separated into
either day or night scenes and when AIRS reports either a single or a double
cloud layer. Figure 54 A and C show the histograms of AIRS V5 CTH that
originally is in AMSU FOV of 50 km, but has been replicated 3x3 times to
emulate V6's 15 km resolution. The top rows of images are of cases where
V5/V6 reports a single layer and the bottom row of images are the double cloud
layer cases. Figure 54 B and D show the histogram of AIRS V6 FOV of 15km top
layer CTH. One can easily see that the distribution of V6 reported top layer CTH
has moved significantly closer to the distribution of Cloudsat and CALIPSO top
most layer of CTH for both single and double cloud layer and over day and night.
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Figure 55. Distribution of Cloud Top Height over L
during day/night scenes of either single or double
V5/V6.

and for AIRS, CALIPSO, and CloudSat
cloud layer as determined by AIRS

In Figure 55 B and C over land, V6 has an improved middle and low level Cloud
Top Height (CTH) distribution as compared to V5 ( Figure 56 A and C), but there
is a spike in distribution in high clouds around 17km for V6.

In Figure 56 A for single layered clouds as determined by AIRS V6, the x-axis is
the averaged difference between AIRS minus CALIPSO top layer CTH per 10
degree latitude band. For latitude>20 and latitude<-20 degrees, regardless of
ocean/land or day/night, V6 is slightly lower that CALIPSO in CTH, but in V5,
AIRS CTH is higher than CALIPSO. For latitude bands between +/- 20 degrees
over land at night, both V5 and V6 need improvement as they differ from
CALIPSO significantly. In that instance, AIRS is too low in comparison to
CALIPSO CTH.

In Figure 56 B for double layered clouds as determined by AIRS V6, the x-axis is
the averaged difference between AIRS and CALIPSO top layer CTH per 10
degree latitude band. For all latitude bands, AIRS V6 over ocean during day and
night compares the best to CALIPSO when scrutinized with V5 for the same
conditions.
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Figure 56. Average AIRS deviation from CALIPSO CTH  per 10 degree latitude band for
V5/V6 LAND/OCEAN and DAY/NIGHT scenes.
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Figure 57 A is the histogram of V5 CTT and Figure 57 B is the histogram of V6
CTT. Figure 57 C is the distribution of V5 CTP and Figure 57 D is V6 CTP. The
red and blue lines are the top layer and bottom layer respectively. The green line
is the weighted layer of either the CTT (WCTT), or the CTP (WCTP).

WCTP=f*P1+f,*P,; WCTT=f*T1+1,*T5,

where fy; is the effective cloud coverage of the top/bottom layer and Py, is the
cloud top pressure of the top/bottom layer. Ty, is the cloud top temperature of
the top/bottom layer. In the following figures, one can see that cloud top
pressure in V6 does not have the frequency spikes that V5 has. There is also
the addition of high clouds around 100 mb (~150k) and low clouds around 1000
mb (~210k) in V6 that V5 did not have that much of.
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In Figure 58 A and B, the x-axis is V6 minus V5 top layer CTP, and the y-axis is
the average result of V6 minus V5 top layer ECF. One can see how the top layer
effective cloud fraction (ECF) changes from V5 to V6 by how the top layer of the
cloud top pressure changes. If the top layer cloud has decreased in height from
V5 to V6, then the ECF should increase in V6 for the top cloud layer. If there is a
decrease in height from V5 to V6 for the top cloud layer, then the averaged ECF
should decrease in V6 from V5. The trade-off between ECF and CTP is very
reasonable in order to maintain radiative consistency between measured
radiance and calculated radiance.
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In Figure 59, the CTP of the top and the bottom layer is compared between
AIRS/AMSU and AIRS-ONLY retrieval. CTP is shown here rather than also
including CTT, because they are very similar. In general AIRS/AMSU and AIRS-
ONLY retrieval are quite similar, but there are small number of cases with drastic
differences. Those cases will be investigated in the validation report.

11172007 contour of histogram, SINGLE LAYER AIRS/AMSU 17172007 contour of histogram, DOUBLE LAYER AIRS/AMSU 4
number values 1063809, corr 0.91377, avg bias -5.9429, avg dev 109.0803, stddev dev 96.934 number values 1147858, corr 0.83454, avg bias 37.2143, avg dev 120.152, stddev dev 101.2654 x 10
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In Figure 60, the distribution of CTP top layer, bottom layer, and weighted do not

appear to be significantly different.
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Figure 60 Distribution of the CTP between AIRS/AMS U and AIRS-ONLY retrieval.
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3.9. Cloud Phase and Ice Cloud properties

Tester and Point of Contact: Brian Kahn

Data Product

Description

cloud_phase 3x3

The final cloud thermodynamic phase
(ice, liquid, unknown, or clear sky)

cloud_phase_bits

The individual phase tests organized
into bits

ice_cld_opt_dpth

Ice cloud optical depth reported at 0.55
microns

ice_cld _opt_dpth_QC

The quality control for the ice cloud
optical depth (0=Best, 1=Good, 2=Do
Not Use)

ice_cld_eff_diam

Ice Cloud Effective Diameter reported
in microns

ice_cld_eff diam_QC

The quality control for the ice cloud
effective diameter (1=Good, 2=Do Not
Use; there is no 0=Best for this
variable)

ice_cld_temp_eff

Effective ice cloud top temperature
reported in Kelvins

ice_cld _temp_eff QC

The quality control for the effective ice
cloud top temperature (0O=Best,
1=Good, 2=Do Not Use)

ice_cld _fit_reduced_chisq

The average over channels of the
chi-squared residual fit between the
simulated and observed radiances
(normalized by the radiance error).

ons C2
1 Z{G)‘b o }

Nchan ®ie”

ice_cld _opt_dpth_ave kern

The scalar averaging kernel for the ice
cloud optical depth

ice_cld_eff _diam_ave kern

The scalar averaging kernel for the ice
cloud effective diameter

ice_cld_temp_eff ave kern

The scalar averaging kernel for the
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effective ice cloud top temperature

ice_cld_opt_dpth_err The error for the ice cloud optical
depth. Do not use. These values may
be meaningless.

Data Product Description

ice_cld_eff_diam_err The error for the ice cloud effective
diameter. Do not use. These values
may be meaningless.

ice_cld_temp_eff_err The error for the effective ice cloud top
temperature. Do not use. These
values may be meaningless.

log_ice cld_opt_dpth_prior_var The covariance prior for the ice cloud
optical depth. This is a single fixed
value.

log_ice cld_eff diam_prior_var The covariance prior for the ice cloud
effective diameter. This is a single
fixed value.

ice_cld _temp_eff prior_var The covariance prior for the effective
ice cloud top temperature. Thisis a
single fixed value.

ice_cld_opt_dpth_first_guess The first guess prior for the ice cloud
optical depth. This is a single fixed
value.

ice_cld_eff_diam_first_guess The first guess for the ice cloud
effective diameter. This is a single
fixed value.

ice_cld_temp_eff_first_guess The first guess for the effective ice
cloud top temperature. This value is
taken from the AIRS Standard L2
upper level cloud top temperature.

The four primary new cloud products found in the Level 2 (L2) Support product
are cloud thermodynamic phase (cloud_phase 3x3 ), ice cloud optical thickness
(ice_cld_opt_dpth ), ice cloud effective diameter (ice_cld_eff_diam ), and
effective ice cloud top temperature (ice_cld_temp_eff ). The cloud
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thermodynamic phase is based on a series of spectral radiance tests and the
presence of cloud, according to the AIRS Standard L2 effective cloud fraction
product. The ice cloud optical thickness, ice cloud effective diameter, and
effective ice cloud top temperature are retrieved on AIRS FOVs that contain ice,
according to the cloud thermodynamic phase product, using an optimal
estimation retrieval post-processor after completion of the AIRS Standard L2
retrieval. Details about this retrieval approach are being prepared for a
publication led by Brian Kahn (JPL). The remaining new cloud products are either
guality control indicators, error estimates on the retrieved quantities, or detailed
aspects of the initial guess and information content of the primary retrieval
parameters.

The three most important additional parameters are the quality control indicators
for ice cloud optical thickness (ice_cld_opt_dpth_QC ), ice cloud effective
diameter (ice_cld_eff_diam_QC ), and effective ice cloud top temperature
(ice_cld_temp_eff QC ). Forice_cld_opt _dpth_ QC and

ice_cld _temp_eff QC , the ranges of values are from 0 to 2, where 0 = ‘Best’, 1
='Good’, and 2 = ‘Bad’. We recommend that values of 2 should not be used
under any circumstances unless users carefully validate or investigate these
values, or consult members of the AIRS Science Team. Values of 0 and 1 are
considered ‘usable’, but there are no assurances made that every retrieved value
has reasonable error characteristics. For ice_cld_eff_diam_QC , only values of 1
and 2 are reported. Since ice cloud effective diameter is the hardest parameter
to retrieve, we felt it was necessary to simply report either ‘Good’ or ‘Bad’ values
since we have no way of determining whether a given retrieval was differentiable
enough to be called ‘Best’. The three retrieval parameters must be used in
conjunction with the QC, since we report every retrieval value in the Support
product.

The QC indicators are derived from the quality of fit of simulated and observed
radiances (ice_cld_fit_reduced_chisq ) and the scalar averaging kernels
(ice_cld_opt_dpth_ave_kern ,ice_cld_eff diam_ave kern , and

ice_cld _temp_eff_ave kern ), which range from 0.0 to 1.0 for the three primary
retrieval parameters. The quality control indicators are neither absolute nor
guantitative, but should be used as an approximate indicator for more trustworthy
values that are determined from good radiance fits and higher values of
information content (averaging kernel values closer to 1.0). Furthermore, the QC
indicators for these fields are independent of each other. For example, itis
possible that one parameter may be ‘Best’, while the other parameters may be
either ‘Good’ or ‘Bad’. If the user wants to use the same exact data sample for
investigations of the three parameters simultaneously, we recommended that the
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user restricts data samples to when all three QC parameters report either ‘Best’
or ‘Good'.

The error estimates for the same three parameters (ice_cld_opt_dpth_err
ice_cld_eff diam_err , and ice_cld _temp_eff _err ) are reported, although they
are most certainly biased and do not represent the true error of the retrieval
parameter. Further research is required to make these useful quantities, so until
further notice, do not use these values or expect them to be realistic. Since the
retrieval requires a first guess, these are reported in the following variables:
ice_cld_opt_dpth_first guess ,ice_cld_eff diam_first guess , and

ice_cld temp_eff first guess . Forice_cld opt dpth_first guess , we
assume initially that all clouds have a value of 3.0. We will show evidence of this
assumption in the retrieval fields in the figure and its discussion to follow. For
ice_cld_eff diam_first_ guess , we assume that all retrievals start with an
effective radius of 30 microns, regardless of the geophysical context of the
scene. Lastly, forice_cld_temp_eff first guess , the ice cloud top temperature
is initially set to be the upper level cloud top temperature reported in the
Standard L2 product. More complex initial guess fields were attempted but ended
up leading to poorer retrieval performance (lower yield, large values of
ice_cld _fit reduced_chisq , etc.). The covariance between these parameters
must be estimated, too, and are reported in log_ice_cld_opt_dpth_prior_var,
log_ice cld_eff diam_prior_var, and ice_cld _temp_ef f prior_var . All three
parameters are fixed to constants, and a more complex assessment of the
covariance of geophysical fields is a topic for future research. We expect that
these values may be highly variable depending on the cloud and scene type,
season, latitude, altitude, and so forth. Lastly, the cloud_phase_bits field
contains all tests performed in the cloud thermodynamic phase algorithm. There
are multiple tests for liquid cloud, ice cloud, warm cloud, and desert surfaces.
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The cloud fields have been tested for the month of January 2007 and other
selected time periods. We summarize the results for January 2007 in Figure 61.
Shown are histograms of ice_cld_opt_dpth , ice_cld_eff diam , and

ice_cld _temp_eff sorted by QC values of ‘Best’, ‘Good’, and ‘Bad’, and broken
up by latitude band: Global (all latitudes), Tropical (+30°), southern hemisphere
mid-latitudes (30-60°S), northern hemisphere mid-latitudes (30-60°N), southern
hemisphere polar region (60-90°S), and the northern hemisphere polar region (60-
90°N). For the ice cloud optical thickness, we see that the ‘Best’ and ‘Good’
histograms closely resemble each other in shape and number of counts, and also
resemble histograms of optical thickness obtained from other satellite, in situ, and
surface-based observations, while the ‘Bad’ histograms are flatter with a larger
proportion of values at the highest and lowest ends of the data range. Observe the
small spike in the histograms for optical thickness values of 3.0. This shows that in
these retrievals, there isn’t enough information for the retrieval parameter to move
from the initial guess. It is encouraging that the peak is so small and confined to a
small set of bins around 3.0. Thus, we conclude that the a priori guess for optical
thickness has little meaningful impact on the broader retrieval results. The relative
differences between the latitude bands on the surface seem physically reasonable.
For example, the Tropics contain a much higher proportion of thin cirrus clouds
compared to other latitudes.

For the effective ice cloud top temperature, again, the histograms for ‘Best’ and
‘Good’ appear realistic and are comparable to the AIRS L2 Standard product and
other independent data sources. The Tropics contain the highest proportion of cold
clouds, and the polar latitudes contain very few values at unrealistically warm
temperatures, except in the case of ‘Bad’ retrievals. This parameter is retrieved
(instead of just using the value from the Standard L2 product) because better
radiance fits and higher values of averaging kernels are obtained than if only the
optical thickness and effective diameter are retrieved alone.

For the effective diameter, the histograms are fairly similar to other data sources.
However, there is one glaring issue that requires further investigation, and that is
the lack of retrieval values around 160 microns in ‘Good’ retrievals. There are
plenty of values in the ‘Bad’ retrieval histograms, and it may be related to the lack of
information in the spectra at such large effective diameters (the spectral have little
sensitivity at these sizes). Perhaps an adjustment in the QC methodology may be
required to include values around these sizes if the information is there, but this is
to be determined in future investigations.
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A few take-home messages:

e C(loud thermodynamic phase and ice cloud properties show patterns that are
consistent with expectations from other satellite instruments and in situ
observations (to be reported in a future publication), and make physical
sense.

e Some pixel-scale comparisons of AIRS to MODIS retrievals show that AIRS is
in the ballpark (to be reported in a future publication), but yet are observing
a different set of clouds compared to MODIS.

e Pixel-scale match-ups of AIRS to CALIPSO show that AIRS has very good skill
in detecting most ice clouds, but detects much fewer liquid water clouds than
are actually present. However, when the latter is detected, it is done with
very high certainty.
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3.10. Outgoing Longwave Radiation
Tester and Point of Contact: Joel Susskind

This section compares Version-5 and Version-6.03 monthly mean products for
the 12 months in which Version-6.03 was run: January, April, July, and October
in each of 2003, 2007, and 2011. The emphasis of the validation is with regard
to “trends”, or more importantly the difference in trends of Version-6 and Version-
5, where the “trend” is defined as the slope of the linear least squares first
passing through data of all 12 months with a linear time scale. Particular attention
will be paid to trends of OLR, clear sky OLR, temperature profile, mid-
tropospheric water vapor mixing ratio, total precipitable water, and fractional
cloud cover.

Figure 62 is not related to trends but rather shows differences of AIRS global
mean monthly mean OLR (green) and Clear Sky OLR (red) values from those
generated by the CERES Science Team using CERES observations. Version-5
differences from CERES are shown for each month of the overlap OLR time
series, September 2002 through October 2011, and Version-6.03 differences are
shown for each of the twelve months for which Version-6.03 was run. The solid
lines (green and red) are horizontal lines, passing through the mean differences
between AIRS Version-5 and CERES values of OLR and Clear Sky OLR
respectively, and the dashed lines (green and red) are horizontal lines passing
through the mean differences of AIRS Version-6.03 OLR and Clear Sky OLR
from the CERES values of these parameters. Version-5 AIRS OLR and Clear
Sky OLR values are significantly biased with regard to those of CERES, with a
bias that is essentially constant in time but with a small seasonal cycle. Previous
work has shown that the anomaly time series of AIRS and CERES OLR, as well
as of AIRS and CERES Clear Sky OLR, are in very close agreement with each
other. Nevertheless, the large biases of 8.59 W/m? and 7.96 W/m? for AIRS OLR
and Clear Sky OLR respectively with respect to CERES are somewhat
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Figure 62 Difference between AIRS and CERES global and clear sky OLR.
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disconcerting. Figure 62 shows that Version-6.03 OLR and Clear Sky OLR
biases compared to CERES will be reduced to much more acceptable values of
3.37 W/m? and 1.02 W/m? respectively. These differences are generally on the
order of the uncertainty of the CERES measurements themselves.

Figure 63 shows values in blue of the global mean time series of six Version-5
products: OLR; Clear Sky OLR; 500 mb temperature; 500 mb water vapor mixing
ratio; Total Precipitable Water; and Effective Cloud fraction. Version-5 values for
each of the months between January 2003 and October 2011 are given by the
dashed blue lines. Version-5 values for the twelve comparison months are also
indicated by the blue stars which lie on the dashed blue curve. The solid blue
lines show the slopes of the linear least squares fits passing through the 12 blue
stars, which we have referred to as “trends”. Figure 63 also shows values of
Version-6.03 products for the same 12 months in pink circles, with the straight
lines passing those circles given in pink. Finally, the differences between
Version-5 products and those of Version-6.03 are shown as black diamonds, and
the straight lines passing through those differences, with an offset, are shown in
black. The most important part of this figure is the slope of the black lines, which
gives estimates of how actual trends of Version-6 products, when evaluated over
a long time period, would differ from those of Version-5.

A number of important features are evident from the panels in this figure. While
the relative slopes of the Version-5 and Version-6.03 trend lines are generally
similar for OLR and Clear Sky OLR, they are considerably different from each
other for the remaining geophysical parameters. Values of the slopes of all the
lines are given in Table 2. For example, Version-5 500 mb temperature has a
negative “trend” of -0.058 K/yr, while the “trend” in Version-6.03 is

-0.006 K/yr. These “trends” can be misleading because not only does the time
period used contain data from only 12 months in 3 years, but even more
significantly, only a portion of the annual cycle is caption. The more significant
values are the differences in the two sets of “trends” because these indicate the
extent that trends of Version-6 products should differ from those of Version-5
whatever they are. For example, one would expect the trend of Version-6 500 mb
temperature to be on the order of 0.052 K/yr more positive (less negative) than
that of Version-5. Likewise, the Version-6 trend of 500 mb water vapor mixing
ratio is expected to be less negative (or more positive) than that of Version-5 as
with Total Precipitable Water. Figure 7 showed that Version-5 tropospheric
temperature and water vapor had spurious negative bias trends vs. ECMWF
“truth”, based on results for seven days, which were for the most part
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Table 3. Annual global trend.

12 Month Global Time Series Slopes (Trends)
January 2003 through October 2011

500 mb Total
OLR Clear Sky 500 mb Mixing Precipitable  Cloud
W/m?/yr OLR Temp Kiyr Ratio Water Fraction

W/m?/yr 9/Kglyr mm/yr %lyr
*

AIRS V5 -0.104 -0.040 -0.058 -0.00325 -0.0392 0.260
@)

AIRS V6.03 -0.038 -0.054 -0.006 0.00001 0.0122 0.049
O

AIRS V5 minus -0.066 0.014 -0.052 -0.00326 -0.0514 0.211

AIRS V6.03

eliminated in Version-6. Table 3 confirms this result with regard to monthly mean
products over different years. Table 3 also shows that Version-5 global mean
cloud cover was increasing at a most likely unreasonable rate of 0.26% per year,
while Version-6 cloud fraction will increase on the order of 0.21% per year less.
As discussed previously, the spurious increase in Version-5 cloud cover over
time is consistent with the spurious negative trends of T(p) and q(p) found in
Version-5.

Figure 64 shows trends, and trend differences related to Version-5 and
Version-6 temperature profiles. The left panel in Figure 64 shows “trends” of
Version-5 and Version-6 T(p) computed at different pressure levels as discussed
previously, in red and blue respectively, as well the more meaningful statistic,
which is the difference in the expected trends of Version-6 temperatures
compared to Version-5, shown in green. The appropriate values for 500 mb
temperature, given in Table 2, are plotted in Figure 64 at 500 mb. The same
green curve is shown in the right panel of Figure 64. Superimposed on the green
curve, showing the Version-5 trends minus Version-6 trends, is the dashed red
curve which was previously shown in Figure 13. The dashed red curve shows the
spurious Version-5 temperature profile bias trends as compared to ECMWF,
determined from the seven focus days. To the extent that trends of Version-5
minus Version-6 temperatures match those of Version-5 minus ECMWF, then
one would expect Version-6 temperature trends to match those of ECMWF very
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closely. The green line, aside from being smoother in the vertical, matches the
dashed red line very closely in the troposphere. This is a further confirmation that
the spurious temperature trends found in Version-5 will be much smaller in
Version-6 as desired.

Global Temperature Trends K/Yr  Global Temperature Trends K/Yr

12 Monthly January 2003 through
October 2011
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Figure 64 Global temperature trends.
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3.11. Trace Gases

3.11.1 Methane

Tester and Point of Contact: Xiaozhen Xiong

Data Product Definition
CHA4CDSup CH4 amount at 100 layers
CH4VMRLevStd CH4 mixing ratio at 100 levels*

CH4 total column CH4 total column amount

CH4 VMR_eff 10func CH4 mixing ratio at 10 retrieval layers
CH4VMRSurf CH4 mixing ratio at surface

CH4 ave kern_10func CH4 averaging kernels

CHA4_eff press_10func CH4 mixing ratio at 10 retrieval layers
CH4 verticality 10func Verticality of CH4 at 10 retrieval layers
CHA4 trapezoid layers 10func | 10 retrieval Trapezoid functions

CH4 _dof Degree of freedoms

CHA4ACDSup QC Quality Flag of CH4 at 100 layers

CH VMRSurf QC Quality Flag of CH4 at surface

CH4 eff press 10func QC Quality Flag of CH4 at 10 retrieval layers
CH4 total _column_QC Quality Flag of CH4 total column
CH4VMRLevSup QC Quality Flag of CH4 at 100 levels

CH4 Resid_Ratio Surface skin temperature quality control

Summary of changes in V6 CH4 retrieval methodology

Compared to V5 that used 7 trapezoid functions for retrieval, 10 trapezoid
functions (LEVCH4 = 1,21,44,51,56,61,66,72,79,88,100) are used in version 6.
Channels were reselected and tuned based on aircraft measurements, in which
we removed some channels with strong absorption of HNO3, N20O and SO2.
Damping is optimized accordingly by setting CH4wgt = 1.3. First-guess is also
optimized with the major changes are at above 200 hPa in the high
northern/southern hemisphere. Like AIRS V5, such a “fixed” first guess without
any dependence on time and longitude is used in V6.
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Through comparison with V5 and aircraft measurements from HIPPO (HIAPER
Pole-to-Pole Observations) aircraft measurements data, we found some
contamination by clouds and slight angular dependence in the tropics at ~200
hPa and above. To resolve these two problems, a lot of efforts have been put to
set appropriate quality flags. This is a major change in V6 than in V5.

Test data

Three data (August 5, 2005, Feb 24, 2007, and March 27, 2010) were acquired
and tested all the parameters listed in 1.1, except CH4VMRLevStd.

Setting of New Quality Indicators

Compared to version 5 with a simple quality flag, we put more study to set a
more strict QC flags to filter out some outliers in order to improve the quality in
version 6. Since the CH4 absorption band is within the water vapor absorption
band near 7.6um, we noticed the CH4 product is highly impacted by the retrieval
of water vapor. Under the condition when the totH20Std_QC =1, we reset
Qual_CH4 =1if (1) CH4_Resid_Ratio =1.0, or (2) Pgood < 610 hPa.

Due to the impact of cloud phase, we found the contamination is mainly
impacted by low water cloud, or the cloud is uneven, i.e. in the boundary, of the
field of regard (FOR). This setting is also under the condition of totH20Std_QC
=1.

To reduce the impact of angular dependence in the high altitude in the tropics,
PTropopause is used. We noticed that when the tropopause is very high, i.e near
100 hPa, Qual_CH4 = 2 is added in the boundary 1-2 FOR in each swash.

With the new QC flags plus all other changes (tuning of two channels and
damping), the CH4 peak at 400 hPa, resulting from the cloud contamination, in
60°S disappears (see left panel of Figure 69). From the comparison of CH4 map
at 400 hPa (Figure 70, with new QC) with Figure 65, it is obvious that these cloud
contaminated pixels have been filtered out using new QC. After applying the new
QC flags, the yield drops by 8-10% than before. However, the new yield is still
above 60%.
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Results

Compared to AIRS V5, AIRS V6 has a better sensitivity to CH4 in the lower
troposphere and more information content. A better information content in V6
than V5 can be seen from Figure 65, which shows the map of DOF on March 27,
2010 (ascending). On average, the mean DOFs of V6 is 0.87+0.28 (Q=0,1) and
0.93+0.25 (Q=0), and for V5 the mean DOFs is 0.80+0.27 (Q=0,1) and
0.89+0.24 (Q=0). Here V5 and V6 are using their own quality flags and DOFs for
V6 are always higher then V5 even using the same quality flags. The number of
good pixels with Q=0 for V6 is 8.6% higher than V5. From the comparison of the
area of averaging kernels (Figure 66), we can see that compared to V5 that are
sensitive to CH4 above 500 hPa , V6 has a better sensitivity to CH4 towards a
lower troposphere at near 700 hPa.

Figure 65 Comparison of DOFs in V6 and V5 for the  case on March 27, 2010.
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Figure 66 Comparison of the area of averaging kerne Is function with latitude (upper panel
is V5 and the lower panel is for V6) on March 27,2 010.

Figure 67 compares the retrieved total column of CH4 from AIRS V5 and V6 on
March 27, 2010, and Figure 68 is the retrieved CH4 at 400 hPa from V5 and V6.
The total column in V6 is about 2.7% less than V5 on average, while the
difference CH4 at 400 hPa is more obvious from their spatial variation.
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CH4 totol omount {&1.e+19}, %5
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Figure 67 The retrieved total column of CH4 from V6 and V5 on March 27, 2010
(ascending only).
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Figure 68 The retrieved CH4 at 400 hPa from V6 and V5 on March 27, 2010 (ascending
only).

Another check is the latitudinal gradient at 400, 800 hPa and a thick layer
between 441-575 hPa, as shown in Figure 69. The left two panels, which
compare the aircraft measurements in about two months with one day retrieval,
can only demonstrate the difference between V5 and V6, while the right panel is
the appropriate one to show the difference between AIRS-V6 and aircraft
measurements since collocated data are used.
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Figure 69 Latitudinal gradient of CH4 at 400 and 8 00 hPa from HIPPO-3 aircraft
measurement (red triangle) in March/April, 2010, an  d its comparison with one day
retrievals from V5 (black line) and V6 (green LE% éﬂ@jﬂamh 27, 2010 (left two panels). Right
panel is from V6 using all collocated R HIPP  O-1 observations.
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The most important check to the improvement in AIRS V6 is the validation using
more aircraft measurements. Figure 70 and Figure 71 are the validation of AIRS
V5 and V6 using HIPPO-1,-2, 3 data. Correlation coefficient increases from 0.78
to 0.91, and the bias decreases from 1% to -0.15%, and rms error decreases
from 1.86% to 0.88.
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Figure 70 Validation of CH4 retrieval (V5) in laye r between 286 — 496 hPa using HIPPO-1,-
2,-3 aircraft measurement data. N=101 is the number  of data points between the two blue
dash lines.
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Figure 71 Same as Figure 4a but for AIRS V6. The ¢ orrelation and bias and RMS error in
V6 is much smaller than V5.
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Moreover, some artificial high CH4 over desert or Antarctic has been removed
(not shown).

Caveats and Future work

One caveat is some angular dependence at 200 hPa and above, which usually
happens when the tropopause is close to 100 hPa. To resolve, we tuned the two
peak CH4 absorption channels at 1304.35 and 1304.93 um in Q-branch and set
new quality flag and mark these pixels with QC=2 in the boundary of the swath.
This is a temporal solution, and the factors resulted in this angular dependence
are complicated. Further investigation and improvement are required in the future
for version 7.

Due to the uncertainty in CH4 absorption spectrum, tuning to CH4 channels in
the Q-branch need more investigate. Current tuning for version 6 was based on
HIPPO-1,-2,-3 data, but as of now, there are no aircraft data in the summer
season. Further improvement can be made with more aircraft measurements.
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Parameter Dimension Definition
CO_total_column FLOAT32 size: 30x45 Total column CO (molecules/cm?)
CO _total column_Q | UINT16 size: 30x45 Quality Flag for total column CO
C
COCDSup FLOAT32 size: Layer column CO (molecules/cm?)
100x30x45

COCDSup_QC UINT16 size: 100x30x45 | Quality Flag for layer column CO

COCDSupErr FLOAT32 size: Error estimate for COCDSup
100x30x45

COVMRLevSup FLOAT32 size: Level CO Volume Mixing Ratios
100x30x45

COVMRLevSup QC

UINT16 size: 100x30x45

Quality Flag for Level CO VMR

COVMRLevSupErr FLOAT32 size: Error for Level CO VMR
100x30x45

COVMRSurf FLOAT32 size: 30x45 Surface CO Volume Mixing Ratios

COVMRSurf QC UINT16 size: 30x45 Quality Flag for Surface CO VMR

COVMRSurfErr FLOAT32 size: 30x45 Error for Surface CO VMR

num_CO_Func

INT16 size: 30x45

Number of valid entries in each
dimension of CO_ave kern

CO_eff_press

FLOATS32 size: 9x30x45

CO effective pressure for each
trapezoid

CO VMR _eff

FLOATS32 size: 9x30x45

Effective CO VMR for each trapezoid

CO_VMR_eff QC

UINT16 size: 9x30x45

Quiality flag for each effective CO
VMR

CO_VMR_ eff_err

FLOATS32 size: 9x30x45

Error for each effective CO VMR

CO_verticality

FLOAT32 size: 9x30x45

Sum of the rows of CO_ave kern

CO_dof

FLOAT32 size: 30x45

CO retrieved degrees of freedom

CO_ave_kern

FLOAT32 size:
9x9x30x45

Average kernel for CO retrievals
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This section describes the AIRS V6 carbon monoxide (CO) products previously
listed, the tests, and the preliminary validation for these products. For testing of
the V6 CO product, AIRS dataset from March 4, 2006 is used to compare against
in situ measurements obtained by the Differential Absorption Carbon Monoxide
Measurements (DACOM) (Sachse et al., 1987), which took place as part of
NASA's Intercontinental Chemical Transport Experiment (INTEX-B) (Singh et al.,
2008) field mission. The V6 CO products are further compared with the V5
products to evaluate improvements. The majority of the testing is done for the
AIRS/AMSU retrieval using QC = (0,1), but comparisons are also shown with the
AIRS IR-only retrievals. The latest V6 version tested to date is V6.0.2.

Carbon Monoxide Trapezoids and A Priori:

In AIRS V6 CO, we have adapted the same retrieval layers as in V5, which
correspond to 9 trapezoidal functions (McMillan et al., 2011). The major
differences for the AIRS CO retrievals between AIRS V5 and V6 are primarily
due to the use of the prior information or first guess. Two uniform CO profiles are
used for the Northern Hemisphere (NH) and the Southern Hemisphere (SH)
separately and they are developed using NCAR global MOZART (Model of
Ozone and Related Tracers, Brasseur et al., 1998) monthly mean climatology.
The MOZART monthly mean climatology was computed from 2.8x2.8 grid point
3D model outputs from 2002-2009, and interpolated to AIRS spatial and temporal
resolution before averaging for each month. We have trimmed off the boundary
layer high CO amount from the model outputs by extrapolation from the layers
above since AIRS sensitivity does not extend to this layer and the high CO
values would be entirely from the model. In addition, we add the Air Force
Geophysics Laboratory (AFGL) climatology profile, same as used in V5, from 30
to 2 hPa. Figure 72 shows the monthly variation of the CO climatology profiles
used as the first guess profiles for the NH (top) and SH (bottom), respectively.
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Quiality Indicators:

In V5 Qual_CO was used to describe quality indicators for all the CO products
for each pixel. In V6, each product has its own quality control, e.g.
CO_total_column_QC, COCDSup_QC , COVMRLevSup_QC,
COVMRSurf_QC, and CO_VMR_eff_QC, however, the quality assurance
definition is the same as for V5 (i.e. O=best, 1=good, 2=bad). Figure 73 shows
the pie charts that indicate the yields for each quality flag of O, 1, and 2, and for
V5 (left), V6 AIRS/AMSU (middle), and V6 IR-only (right) CO values at 500hPa
during daytime (top) and nighttime (bottom), respectively. The yield for good
retrievals (QC=0&1) has increased from 68.39% in V5 to 77.71%-76.63% in V6
during daytime and from 69.31% in V5 to 73.1%-72.64% in V6 at nighttime.
There is a higher number of QC=0 cases during the day than at night even
though the total QC=0&1 cases are about the same in both V5 and V6. The total
number of good retrievals for both V6 AIRS/AMSU and IR-only are approximately

the same.
V5 QC for 20060304, daytime V6.0.2 QC (506hPa) for 20060304 daytime V6.0.22R QC (506hPa) tor 20060304 daytime
QCw2 {31.61%) CCw2 (2229%) CCw2 (2337%)

) '4‘

N W o -"w'wW‘
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QCw0 (60.68%)

V5 GC for 20060304, nighttime V6.0.2 QC (506hPa) for 20060304 nighttime V6.0.22R QC (506hPa) for 20060304 nighttime
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Figure 73 Yields of CO for different quality flags.
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V6 CO Distributions Compared with V5 CO:

The standard CO VMRs are outputted at 9 levels equivalent to the effective
pressure levels of the retrieval trapezoids. Also provided as part of the standard
CO products are: the CO total column amounts, the quality control flags for the
total columns, the CO effective pressure, the quality flag for each effective CO
VMR, the error for each effective CO VMR, the average kernel for CO retrievals,
the CO retrieved degrees of freedom, and the sum of the rows of CO averaging
kernels referred as CO verticality. In addition, the support product is provided for
users with needs to understand the performances of the retrieval processes in
more details. The support products offer CO layer column densities in each of
the 100 internal forward model layers alone with the quality flags and errors for
each value. An added set of quantities for V6 in the support files is the VMRs at
the internal forward model grid of 100 levels, as well as the related quality control
flags and errors. Figure 74 shows an example of the global CO total column
comparison between V5 and V6 for Mar. 4, 2006 for daytime (left panels) and
nighttime (right panels), respectively. The top panels show the CO total column
amounts from V5 and the middle panels are from V6, while the bottom panels are
the differences (V6-V5). The V6 CO total column values are significantly higher
in the NH, especially at high latitudes, and are lower in the SH compared to V5,
which signifies improvements globally based on previous validations (Warner et
al., 2010, McMillan et al., 2011). The improvements range approximately -
50x10*" to 50x10" molecules/cm?, which is equivalent to approximately 15% of
the V6 CO total column values. This improvements in the V6 CO retrievals are
primarily due to the upgrade of hemispherical and seasonally varying first guess
profiles. The improvements in V6 CO over V5 are more significant over land and
at night where the V5 CO was biased low, as shown in the top right panel.
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Figure 74 Global total column CO for day and night  for V5 and V6 and their differences.
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The retrieval errors are given for each CO product at each level or layer for V6,
i.e., COCDSupErr, COVMRLevSupErr, COVMRSurfErr, CO_VMR_eff_err.
These error estimates not only incorporate the uncertainties for the currently
retrieved parameter, they also represent an accumulated effect from the previous
retrieval steps that affect the current parameter. As an example, the CO retrieval
errors at 506hPa for Mar. 4, 2006 are shown in Figure 75 for V5 (left panels), for
V6 AIRS/AMSU (middle panels), and for V6 IR-only (right panels), respectively,
and the top panels represent the daytime retrievals while the bottom panels are
nighttime retrievals. The retrieval errors are at a magnitude of approximately
10ppbv over ocean and approximately less than 30ppbv over land. The errors
for V6 IR-only retrievals are slightly higher than the AIRS/AMSU cases by a very
small margin, while both V6 cases are better than V5. The true evaluation of the
V6 CO retrieval quality should rely on detailed validations, which will be a
continued effort.

AIRS V5 CO Error (ppbv) at 506hPa tomom daytime  AIRS V6,02 CO Error (ppbv)at S06hPa for 2006034, dayt  AFS V6.02R CO Erro (ppbv) at 06hPa for moaoa, daytime

Figure 75 Error estimates CO retrieval at 506 mb fo  r day and night of V5 and V6.
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Preliminary Validation for V6 CO:

A large amount of in situ CO data exists during the lifetime of AIRS mission that
will be used for a thorough validation study. The V6 CO is validated against the
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Figure 76 Profiles of CO mixing ratio.

DACOM CO measurements collected during the INTEX-B experiment and two in
situ profiles on Mar. 4, 2006, at 20:33:37 (left panel) and 18:10:30 UTC time
(right panel), are shown in Figure 76 where the in situ profiles are depicted by the
green curves. This geographical region on that particular day was affected by
agricultural fires in the southeast US, which resulted in high CO concentrations in
the lower troposphere. The spiral profile on the left panel was collected over the
Gulf of Mexico and the one on the right was collected over land to the west of
Birmingham, AL, near the fires. The V6 CO shown as in red and magenta curves
lead to significantly greater agreement between the retrievals and the in situ
profiles in the lower troposphere, especially below 800 hPa. The more realistic
results for the AIRS V6 CO, compared to the in situ profiles, are largely due to
the new a priori information from the monthly mean climatology.
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3.11.3 Ozone
Tester and Point of Contact: Frederick (Bill) Irion

Testing of AIRS Versions 5, 6 and 6 AIRS-only” total column ozone retrievals
were made by comparisons against coincident measurements by the Ozone
Monitoring Instrument (OMI). This testing was meant to be a comparison of the
total columns between the AIRS versions and to check for pathologies in V6, and
not as a rigorous validation of AIRS ozone.

For total column ozone, we tested against one day of OMI data, Feb 24, 2007,
using the Version 3 OMI Level 3e product, which has a 0.25°x 0.25°gridding.
AIRS and OMI total ozone observations were compared if the geographical
center of the AIRS observation was within the OMI grid box. As OMI relies on
backscattered UV radiation, only sunlit measurements of AIRS could be used.

Figure 77 below compares the relative difference between V5 and V6 AIRS and
OMI total ozone (calculated as (AIRS-OMI)/OMI in percent). The general pattern
is similar in both versions, with significant regional biases, and that the number of
observations has increased in V6. Also, the negative bias over a large region
over the interior of Antarctica in Version 5 has shown improvement in Version 6.
Table 1 compares V5 and V6 AIRS against OMI, but binned by quality flag®. (We
note that AIRS V6 has better agreement than Version 5 for an unweighted
average. However, if the differing areas of the OMI 0.25°x 0.25°gridding is taken
into account by weighting the average by the cosine of the latitude, the V6
agreement is slightly worse than V5.

A comparison of the bias sensitivity to biases in the ocean skin temperature is
shown in Figure 78. Here, we compare AIRS vs OMI ozone against AIRS vs
Version 7 Advanced Microwave Scanning Radiometer — EOS (AMSR-E) ocean

L AIRS retrievals without using AMSU microwave data.

2 Field names are ‘Qual_03' in Version 5, and ‘totO3Std_QC’ in Version 6. A quality flag of O is
‘best’, 1 is ‘good’, and 2 is ‘poor.” Note that there are very few AIRS ozone observations with
ozone quality flag = 1.
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skin temperature®. In both AIRS V5 and V6, the relative ozone column bias
compared to OMI increases as the AIRS minus AMSR-E temperature difference
decrease. (Assuming OMI and AMSR-E as ‘truth,’ if the AIRS ocean skin
temperature is too cold, then the retrieved ozone may become too high.) Errors
in the ocean skin temperature may have a significant effect on the ozone bias.
Taking data with an AIRS ozone quality flag equal to zero (‘best data’), a least-
squares fit of the AIRS-OMI relative ozone bias vs. the AIRS-AMSR-E
temperature bias (not shown) has a slope of -0.43 + 0.01 %/K for Version 5, and
-0.3040.01 %/K for Version 6, and -0.34+0.01 %/K for Version 6 AIRS-only.

Finally, we compare AIRS-OMI bias as a function of cloud top pressure and
cloud fraction. The upper panel of Figure 79 compares the AIRS Version 5
relative ozone bias against a (linearly) weighted combined cloud-top pressure as
retrieved by AIRS, while the lower panel shows the number of observations in
each bin. (AIRS retrieves properties for up to two cloud layers.) Figure 80 shows
the same for AIRS Version 6, and Figure 81 for Version 6 AIRS-only. Both
Version 5 and 6 AIRS ozone show low average bias against OMI as a function of
cloud pressure, although in both versions, a low bias is seen for lower pressure,
thicker cloud amounts. Also, AIRS Version 6 shows better agreement than
Version 5 at zero cloud. With no cloud, the relative bias for V5 AIRS-OMI is (4.3
+9.9) % (171, N= 21611), while that for V6 is -(0.9 + 8.1) % (N=17697), and for
V6-AIRS only is (0.85 £ 7.62) % (N=16177).

Velsi

AB%WQMI‘%_. 1 1 |_

-15 -10 -5 0 5 10 15
or less or more

Figure 77 Relative bias of Versions 5, 6, and 6 Al RS-only and Version 3 OMI total ozone for
Feb. 24, 2007.

® AMSR-E data are produced by Remote Sensing Systems and sponsored by the NASA Earth
Science MEaSUREs DISCOVER Project and the AMSR-E Science Team. Data are available at
WWW.remss.com.
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V6 AIRS
ality flag filter V5 avg bias vs | V5 number of V6 avg bias vs |V6 number of ;/6 AbISSS ?\CI)LI\)I(I ONLY

Quality flag fi OMI (% + 1o) comparisons OMI (% + 1) |comparisons Vo 0/' +\1/ number of

(% £ 10) comparisons
U”W‘;?hted all 1.43+8.17 127477 0.7748.11 | 148189 | 0.63+8.33 | 148131
cos(latitude) | Oz qual flag =0 1.30+7.89 113628 0.48+7.06 | 133098 | 0.41+6.91 | 127583
Wened | all 0.1242.70 | 127477 | 0.71#2.42 | 148189 | 0.43+2.49 | 148131
cos(latitude) | Oz qualflag=0 | _0.08+2.40 113628 0.30+1.98 | 133098 | 0.05+1.82 | 127583
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Table 4. Relative biases of V5, V6, and V6-AIRS on
by quality flags, for sunlit observations of Feb. 2
averages, while the lower rows are averages weighte

ly total ozone compared to OMI, filtered
4, 2007. The upper rows are unweighted

d by cos(latitude).

| Version 5
TotO3 Qual =0
TotO3 Qual =2

_{|-Version 6 i
TotO3 Qual =0
TotO3 Qual

T T .:
_||.Version 6 AIRS-only" "
TotO3 Qual =0 "
TotO3 Qual =2

AIRS Ocean TSurf - AMSRE (K)

Figure 78 AIRS-OMI relative difference vs AIRS-AMS  Re ocean surface temperature
difference for Feb. 24, 2007.
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Version 5
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o
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Figure 79 Version 5 AIRS-OMI relative ozone biasv s combined cloud-top pressure (top
panel) and number of observations in bin (bottom pa nel) for sunlit observations of Feb. 24,
2007. Dots are colored by the total cloud fraction. The combined cloud-top pressure is the

sum of the retrieved pressures weighted by the clou d fraction in each cloud layer.
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Figure 80 Version 6 AIRS-OMI relative ozone biasv s combined cloud-top pressure (top
panel) and number of observations in bin (bottom pa nel) for sunlit observations of Feb. 24,
2007. Dots are colored by the total cloud fraction. The combined cloud-top pressure is the

sum of the retrieved pressures weighted by the clou d fraction in each cloud layer.
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Figure 81 Version 6 AIRS only-OMI relative ozone b  ias vs combined cloud-top pressure
(top panel) and number of observations in bin (bott om panel) for sunlit observations of
Feb. 24, 2007. Dots are colored by the total cloud  fraction. The combined cloud-top
pressure is the sum of the retrieved pressures weig hted by the cloud fraction in each

cloud layer.
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3.12. Tropopause Pressure and Height

Tester and Point of Contact: Baijun Tian

Data Products Description

PTropopause

PTropopause QC

GP_Tropopause

GP_Tropopause QC

T Tropopause

T Tropopause QC

In this report, we are reporting the testing results of the AIRS V6.0.2 (V6) L3
tropopause products including tropopause pressure (TropPres), tropopause
temperature (TropTemp), and tropopause height (TropHeight). By examining the
spatial patterns of the tropopause products for the ascending node of January 1%,
2007, we found that the AIRS V6 tropopause products are reasonable and can
capture the general global features of tropopause. For example, the AIRS V6
tropopause products show that tropical tropopause is high in height, low in
pressure, and cold in temperature. On the other hand, middle- and high-latitude
tropopause is low in height, high in pressure, and warm in temperature. There is
a sharp transition in the subtropics between the tropical tropopause and middle-
and high-latitude tropopause. The AIRS V6 tropopause products can also
capture the wave pattern of the middle-latitude tropopause. Furthermore,
comparing the AIRS V5 and V6 tropopause products, we found that the yield is
much higher in V6 and the AIRS tropopause products are much better in terms of
spatial coverage in V6. Since the AIRS V6 L3 tropopause products are gridded
average of the AIRS V6 L2 tropopause products (e.g., PTropopause,

T _Tropopause, and GP_Tropopause) with QC applied. This means the AIRS V6
L2 tropopause products are generally reasonable too.
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Data Range: 78,3750 to 339,250  (Hean=
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Data Range: 81,1250 to 510,750  (Mean= 207,295)
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Figure 82. The AIRS tropopause pressure (TropPres)  for the ascending node of January
1st, 2007. The upper panel is for V5 and the lower  panel is for V6.
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......................................................................................................
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Figure 83. The AIRS tropopause temperature (TropTe mp) for the ascending node of
January 1 *, 2007. The upper panel is for V5 and the lower pan el is for V6..
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TropHeight_A, 2007, 1,01,L3'Ret8t,d001

Data Range: B538,00 to 17942,0 (Mean= 12146,7)

i Z
5500,0 7337.5 3375.0 108125 12250,0 13687.5 15125,0 16562.,5 18000,0

Data Range: 5234,00 to 17741,0  (Hean= 11972,4)

5500,0 7937.5 3375.0 108125 12250,0 13687.5 15125,0 16562.,5 18000,0

Figure 84. The AIRS tropopause height (TropHeight)  for the ascending node of January
1%, 2007. The upper panel is for V5 and the lower pan el is for V6.
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3.13. Height of Top of Boundary Layer
Tester: Brian Kahn Point of Contact: Joao Teixeira

The AIRS V6 planetary boundary layer (PBL) top product (pbl_height) and
associated quality control (pbl_height_qc) are reported on the AMSU FQOV, since
it uses the vertical positioning of thermodynamic profile gradients to locate the
top of the PBL. This height is reported in units of pressure (hPa). The QC, as
with most of the Standard and Support product fields, are reported in three bins:
QC=0 (best), QC=1 (good), and QC=2 (do not use). (Note that FOVs over land
have QC=2. Often, the pbl_height values are still reported, but they have not
been determined to be of sufficient quality for use at this time. Use any value of
pbl_height over land with great caution.)

The following January 2003 monthly map examples for the full
AIRS/AMSU retrieval (Figure 85) and the AIRS-only retrieval (Figure 86) are
produced with QC=[0,1]. Observe in Figure 85 that the regions dominated by
stratocumulus clouds contain significantly lower altitudes (higher pressures) for
pbl_height. On a monthly average, there is a smooth transition towards higher
altitudes (lower pressures) into the trade cumulus regimes. There are also
shallower PBLs noted near south Asia and on the equatorial side of the southern
hemisphere storm track. In other months (not shown), these features largely
persist, but are found to move geographically and change in magnitude,
consistent with expectations and previous research findings. For the AIRS-only
retrieval in Figure 86, all of the features found with the AIRS/AMSU retrieval are
basically preserved in the AIRS-only system, although in most regions globally,
the depth of the PBL appears to be slightly more or less shallow, depending on
the particular cloud regime of interest.
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AIRS+AMSU  PBL (hPa) 2003 01

7o0.0 BOD.O 00,0 1004.0

Figure 85 Monthly average (January 2003) PBL heigh t (in pressure, hPa) for the
AIRS+AMSU operational version 6 retrieval system.

AIRS Gnly  PEL {hPa) 2003 01

7o0.0 BOD.O 00,0 1004.0

Figure 86 Monthly average (January 2003) PBL heigh t (in pressure, hPa) for the AIRS-only
operational version 6 retrieval system.
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3.14. Cloud Cleared Radiances
Tester and Point of Contact: Larrabee Strow and Scott Hannon

The V6 Level-2 cloud-cleared radiances for Feb. 25, 2012 were evaluated using
the known sea-surface temperature (SST) as the truth. The AIRS Calibration
Data Set (ACDS) has high skill in finding clear ocean scenes for AIRS, which can
be used to compare to the Level-2 cloud-cleared radiances. We concentrate here
on the 1231 cm™, since it has very little atmospheric absorption, and is most
sensitive to clouds of all optical depths. The Feb. 15 cloud-cleared radiances,
and the ACDS clear scenes, are matched to the ECMWF forecast/analysis fields
and the SARTA radiative transfer algorithm is used to compute simulated clear
scene radiances. We evaluate the cloud-cleared radiances by comparing
PDFs/histograms of the cloud-cleared radiance biases versus the ACDS clear
radiance biases for the same day.

With AIRS products it is always difficult to make a coherent quality flag selection.
In V6 each channel has its own cloud-cleared radiance quality flag. We decided
to select scenes based on summing the radiance_QC metric (over channels). We
then deemed spectra with the max of this sum < 400 to be “Best”, spectra with a
sum maximum < 1200 as “Better”, and spectra with this sum maximum < 2400 to
be “Good”. “Better” scenes are included in “Good”, “Best” scenes in “Better” and
so on. For individual channels, 0 = highest quality, 1 = good quality, and 2 = do
not use. Figure 87 shows a map of the cloud-cleared radiance quality for this
day. “Good” spectra represent about 50% of all observations, removing a large
number of North. Hemis. mid-latitude scenes for this winter day. Thus, the results
we show here are representative of yields well below 100% even for “Good”.
After subsetting all scenes to £ 60 deg ocean, night scenes, we find that the
“Better” subset contains 40% of “Good” and “Best” contains about 10% of
“Good”. We also matched these data to the Level-2 supplement file to get the
estimated cloud-fraction.
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-150 -100 -50 0 50 100 150

Figure 87 Map of cloud cleared radiance quality fo  r Feb. 25, 2012. Good=blue,
Better=green, Best=red.

Figure 88 shows the 1231 cm™ histograms for Good, Better, and Best over +60
degree ocean, as well as histograms for the AIRS ACDS clear ocean and for
ACDS land-only clear. The ACDS ocean PDF exhibits a width well below 1K,
approaching some combination of the AIRS noise and SST model errors. All
three cloud-cleared PDFs are wider. The Better and Good PDFs show higher
negative wings indicative of cloud-contamination. The width of the Good PDF is
about 2K. This is not surprising, and the cloud-cleared radiance product attempts
to assign uncertainties to these radiances that are used in the retrieval.
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Figure 88 Bias histograms of cloud-cleared versus s ea-surface temperature between = 60
deg latitude. Also shown is the AIRS Calibration Da  ta Set (ACDS) “very” clear bias
histogram and the ACDS bias over land (versus ECMWF land surface temperatures).
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Figure 89 Comparison of widths of AIRS V5 and V6 co  variances versus kernal function
widths near 850 mbar. Also shown in the ECMWF 850 m  bar covariance.
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A more detailed look at the cloud-cleared radiances in the mid-latitudes remind
you that Figure 88 is to some degree dominated by tropical scenes that are
relatively easy to handle with cloud-clearing. Figure 90 shows the PDFs of the
Good scenes for 30N-60N and 30S-60S ocean. The ACDS clear PDF is shown
for comparison. Here we see very significant cloud-contamination, with a very
unsymmetrical PDF that has significant population even 4K away from zero bias.

We have concentrated on two topics thus far, guided by the fact that the
present CLARREO mission has been cancelled. First, following our proposal, we
are examining the utility of using changes in radiance (or brightness temperature)
probability distribution functions (PDFs) as a means of monitoring climate change
with infrared hyperspectral sensors.

1400

——Good
——ACDS Clear

1200}

10001

800f

Counts

600

4001

200¢

Bias in K

Figure 90 Similar bias histograms as in Figure 88 b ut now for combined latitudes of 30N-

60N and 30S-60S and only for “Good” cloud-cleared r  adiances. The ACDS clear bias

histogram is shown for reference. Clearly the cloud -cleared radiances contain significant
cloud contamination.

One question to ask would be, how good is cloud-clearing when the field-of-
regard contains a “manageable” cloud fraction. Clearly with high cloud amounts
cloud-clearing will not work. To address this we selected all scenes (Good,
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Better, Best) with 25-50% cloud fraction (according to the L2 Supplement file) for
the 30-70 deg N/S latitude range. Figure 91 shows the PDFs for this subset.
Here we indeed see a nice peak near zero bias, but with significant wings
beyond -5K. In this case we also observed some positive wings that are
presumably due to cloud-clearing errors.

300

250r

2001

Counts
—
(o]
o

15

Bias in K

Figure 91 Bias histograms for cloud-cleared ocean radiances for 30-70 deg N/S but
subsetted for observations (according to L2 Supplem ental product) with cloud fraction
ranging from 25-50%.

Since the 1231 cm™is primarily a surface channel, one expects it to exhibit the
larger cloud-clearing errors than for more opaque channels. Thus, this study
mostly examines the cloud-clearing errors that would impact the lower altitudes in
the retrieval products. However, it must be remembered that in order to get even
roughly 50% yield, one is introducing many scenes with several K of cloud
contamination into the retrieval process.
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Figure 92: Bias and standard deviations for cloud-c leared and clear scenes for £ 60
degrees, ocean, night.

Bias and standard deviation statistics for “Good” scenes, over ocean, = 60 deg.
latitude, night, are shown in Figure 92 for all channels. Under these observing
conditions the spectra computed from ECMWF model fields should be very
accurate, with several tenths of a K offset for SST due to diurnal variations and
evaporative cooling. Also shown for reference are the bias and standard
deviation for the AIRS ACDS clear spectra for this observing subset.
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Figure 93: Zoom of Figure 92

These averaged results are quite good in that the cloud-cleared scenes only
contain about 0.5K of cloud-contamination in general, with a standard deviation
about 2.5 time larger (in window regions). Figure 93 is a zoom of Figure 92 and
shows that the cloud-cleared standard deviation for this day approaches the clear
standard deviation in the 700-750 cm™. However, at the longest wavelengths the
clear standard deviation is still slightly smaller, where one might expect the
cloud-cleared variance to be smaller due to scene averaging. However, these
differences (and differences in the biases) are quite small and could easily be
due to differential sampling of the cloud-cleared and clear scenes.
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3.15. SO, Brightness Temperature and Flag

Tester: Juying Warner

BT_diff_ SO, 32-bit floating- | AIRSTrack (= 3) * | SO, determined from brightness

point AIRSXTrack (= 3) | differences

NumSO2FOVs | 16-bit integer One number per | Number of Field-Of-Views with

(per-granule) granule high SQ per granule

BT _diff SO,_QC | 16-bit unsigned| AIRSTrack (= 3) * | Quality Control for S@ products

integer AIRSXTrack (= 3)

This section describes the AIRS V6 sulfur dioxi&€&X) products defined in Table 1, the
tests, and the preliminary validation for thesedpiais. To test the V6 S@roduct, the
AIRS dataset from May 27-30, 2011 over Icelandsisdito compare against the Ozone
Monitoring Instrument (OMI) S©@measurements, also on the Aqua platform. The V6
SO, products are further compared with the V5 prodteisvaluate any improvements.

AIRS V6 products provide an indicator of Sf@lease from volcanoes using the
brightness temperature differens&b=Th(1361.44 cm)-Th(1433.06 cril). Values
under -6K are likely to be associated with volca®@. A number of fields-of-views
(NumSO2FOVs>=1), out of a nominal 1350, with a gigant SGQ concentration based
on the value of BT_diff_SO2 is used to alarm votdagists for possible volcanic
eruptions. The Quality Control codes for BT_diff S®similar to other AIRS V6 trace
gas products (0: Highest Quality; 1: Good; 2: Dd Nee.)

AIRS V6 SQ flags are compared with the Aura/OMI SOtal columns (in DU) during
the Reykjavik, Iceland event on May 27, 2011 (sgere 1). High S@values (>2 DU)
are observed off the Southwest coast of Icelan®@My, which correlate well with AIRS
SO, flag of high negative brightness temperature dhffiees (<-3K). Although the
volcanologists only receive alerts from the AIR&newhen the S¢Xlag reaches -6K,
smaller brightness temperature differences (-8k) indicate elevated SO
concentrations.

The differences of the S@lags between AIRS V5 and V6 are minor since tireghold
has not been changed with the new release. Iti@ddihere is no difference in the SO
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flags between AIRS retrievals using AMSU in theudeclearing process and using AIRS

IR-only.
AIRS V6 ABS(ATb) SO2 flag, May 27/2011 Aura/OMI - 05/27/2011 13:44-13:46 UT
SO, mass: 17.363 ki; Area: 73909 km’; SO, max: 30.37 DU at lon: -20.18 lat: 63.38 ; 1345UTC
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Figure 94. AIRS V6 SO , flags (left panel) shown with the absolute values of the brightness
temperature differences compared against the Aura/O Ml SO, total columns (DU) (right panel) over
Reykjavik, Iceland on May 27, 2011

Reference:

Krotkov, N.A., S.A. Carn, A.J. Krueger, P.K. Bhartand K. Yang (2006). Band residual
difference algorithm for retrieval of SGrom the Aura Ozone Monitoring Instrument
(OMI). IEEE Trans.Geosci. Remote Sensing, AURA special issue, 44(5), 1259-1266,
doi:10.1109/TGRS.2005.861932, 2006

Page 142



Version 6 Performance and Test Report

3.16. Dust Detection

There has been no change to the dust algorithm from version 5 to version 6,
hence there is not a test report produced for it.
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3.17. Layer to level transformation
Tester and Point of Contact: Evan Fishbein

AIRS retrieval uses layer mean quantities for water vapor, ozone, carbon
monoxide, and methane. Previous versions of AIRS products reported only
column totals and layer quantities for these gases, and the previous sections of
this test report address only those. V6 products also provide values for gas
concentration at specific pressure levels. This section shows how water vapor
level values compare to the original layer quantities. Layer vs. level differences
for CO3, CO, and CH4 are much smaller.

The algorithm used to produce level values is a smoothing cubic spline, designed
to preserve the retrieved information content while suppressing vertical structure
which exceeds the instrument sensitivity.

Figure 95 shows the mixing ratio of the layer profile in comparison to the level
profile of water vapor. AIRS water vapor retrievals lose information at 200-300
hPa and one can see in the image that a sharp transition occurs in that region for
the layer profile. This type of structure is statistically improbable and error
estimates indicate that this structure is not significant. The leveling algorithm
removes the features as shown in the figure. However, the lower tropospheric
structure, as depicted in same figure, is statistically significant and is retained,
although attenuated. However, in some cases as shown in Figure 96, the
smoothing can extend well into the lower stratosphere and lead to large
differences with the layer profile. These differences are not important because
AIRS is not sensitive to water vapor in this region.
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Figure 95 Layer and level profile comparison of wat
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Figure 96 Layer and level profile comparison of wat  er vapor from the support product.
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4. APPENDIX A: Product tables
4.1. Standard products (‘airx2ret’)

Fi el dnane

sat hei ght
satrol |
satpitch
satyaw
satzen
sat azi

sol zen
sol azi
glintlat
glintlon

sun_gl i nt_di st ance

nadi r TAI

sat_| at

sat_l on
scan_node_type
topog
topog_err

I andFr ac

I andFrac_err
sat geoga

gl i ntgeoga
noongeoqga

I at Al RS

| onAl RS
PSur f St d
PSur f St d
nSur f Std

PBest

PGood

nBest St d
nCGoodSt d
TSur f Std
TSur f Std
TSur f Std
TSur f Std
TSur f St dEr r
TSur f St dEr r
TSur f St dEr r
TSur f St dEr r
nunHi ngeSur f
freqEm s
freqEm s(649)
freqEm s(725)
freqEm s(909)
freqEm s(1163)
freqEm s(1205)
freqEm s(1639)
freqEm s(2174)
freqEm s(2381)
freqEm s(2500)
freqEm s(2632)
em sIRStd

em sIRStd

em sIRStd

em sIRStd

emi s| RSt d(649)
emi sl RSt d( 649)
emi sl RSt d( 649)
emi sl RSt d( 649)
em sl RSt d( 725)
em sl RSt d( 725)
em sl RSt d( 725)
em sl RSt d( 725)

[RE [RE

[RE K[RE 8RE

323907
55085
142308
126514
323907
55085
142308
126514
323907
12636000
323907
323907
323907
323907
323907
323907
323907
323907
323907
323907
12594114
2148315
5550012
4895787
322926
55085
142308
125533
322926
55085
142308
125533

[cleoloNoooloNoNoNe)

oo
SN
couw,

1976400

[ejeoloNolooololololojoloolololololoNoNoNoloNoNo)

19805886
0

0
19805886
981

0

0

981

981

0

0

981
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emi s| RSt d(909)

em sl RSt d(909)

emi sl RSt d(909)

emi s| RSt d(909)

em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2381)
em sl RSt d(2381)
em sl RSt d(2381)
em sl RSt d(2381)
emi sl RSt d( 2500)
emi sl RSt d( 2500)
emi sl RSt d( 2500)
emi s| RSt d( 2500)
em sl RSt d( 2632)
em sl RSt d( 2632)
em sl RSt d( 2632)
em sl RSt d(2632)
em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dErr (725)
em sl RSt dErr (725)
em sl RSt dErr ( 725)
em sl RSt dErr (725)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
em s| RSt dErr (1163)
em s| RSt dErr (1163)
em s| RSt dErr (1163)
em s| RSt dErr (1163)
em sl RSt dErr (1205)
em sl RSt dErr (1205)
em sl RSt dErr (1205)
em sl RSt dErr (1205)
em sl RSt dErr (1639)
em sl RSt dErr (1639)
em sl RSt dErr (1639)
em sl RSt dErr (1639)
em s| RSt dErr (2174)
em sl RSt dErr (2174)
em sl RSt dErr (2174)
em s| RSt dErr (2174)
em sl RSt dErr (2381)
em sl RSt dErr (2381)
em sl RSt dErr (2381)
em sl RSt dErr (2381)
em sl RSt dEr r (2500)
em sl RSt dEr r (2500)
em sl RSt dEr r (2500)
em sl RSt dEr r (2500)
em sl RSt dErr (2632)
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em sl RSt dErr (2632)
em sl RSt dErr (2632)
em sl RSt dErr (2632)
TAi r Std

TAi r Std

TAi rStd

TAi r Std

TAi r St d( 1000hPa)
TAi r St d( 1000hPa)
TAi r St d( 1000hPa)
TAi r St d( 1000hPa)
TAi r St d( 400hPa)
TAi r St d( 400hPa)
TAi r St d( 400hPa)
TAi r St d( 400hPa)
TAi r St d( 70hPa)

TAi r St d( 70hPa)

TAi r St d( 70hPa)

TAi r St d( 70hPa)

TAi r St d( 7. OhPa)
TAi r St d( 7. OhPa)
TAi r St d( 7. OhPa)
TAi r St d( 0. 5hPa)
TAi r St d( 0. 5hPa)
TAi r St d( 0. 5hPa)
TAi r St dEr r

TAi r St dErr

TAi r St dEr r

TAi r St dEr r

TAI r St dEr r (1000hPa)
TAI r St dEr r (1000hPa)
TAI r St dEr r (1000hPa)
TAi r St dEr r (1000hPa)
TAI r St dEr r (400hPa)
TAI r St dEr r (400hPa)
TAI r St dEr r (400hPa)
TAI r St dEr r (400hPa)
TAI r St dEr r (70hPa)
TAI r St dEr r (70hPa)
TAI r St dEr r (70hPa)
TAI r St dEr r (70hPa)
TAI r St dErr (7. OhPa)
TAI r St dErr (7. OhPa)
TAi r St dErr (7. OhPa)
TAI r St dEr r (0. 5hPa)
TAI r St dErr (0. 5hPa)
TAI r St dEr r (0. 5hPa)
TSur f Ai r

TSur f A r

TSur f A r

TSur f A r
TSurfAirErr
TSurfAirErr
TSurfAirErr
TSurfAirErr
Tenp_dof

H2 OMVRSat

H2 OMVRSat

H2 OMVRSat

H2 OMVRSat

H2 OMVRSat ( 1000hPa)
H2 OMVRSat ( 1000hPa)
H2 OMVRSat ( 1000hPa)
H2 OMVRSat ( 1000hPa)
H2 OMVRSat ( 700hPa)
H2 OMVRSat ( 700hPa)
H2 OMVRSat ( 700hPa)
H2OMVRSat ( 700hPa)
H2 OMVRSat ( 400hPa)
H2 OMVRSat ( 400hPa)
H2 OMVRSat ( 400hPa)
H2 OMVRSat ( 400hPa)
H2 OMVRSat ( 200hPa)
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H2OMVRSat ( 200hPa)
H2OMVRSat ( 200hPa)
H2OMVRSat ( 200hPa)
H2OMVRSat ( 70hPa)
H2OMVRSat ( 70hPa)
H2OMVRSat ( 70hPa)
H2OMVRSat ( 70hPa)
H2OWMVRSat Lev St d
H2OMVRSat LevSt d
H2OWMVRSat Lev St d
H2OWMVRSat LevSt d
H2OMVRSat Lev St d( 1000hPa)
H2OMVRSat Lev St d( 1000hPa)
H2OMVRSat Lev St d( 1000hPa)
H2OMVRSat Lev St d( 1000hPa)
H2OMVRSat Lev St d( 700hPa)
H2OMVRSat Lev St d( 700hPa)
H2OWMVRSat Lev St d( 700hPa)
H2OMVRSat Lev St d( 700hPa)
H2OMVRSat Lev St d( 400hPa)
H2OWMVRSat Lev St d( 400hPa)
H2OMVRSat Lev St d( 400hPa)
H2OMVRSat Lev St d( 400hPa)
H2OWMVRSat Lev St d( 200hPa)
H2OWMVRSat Lev St d( 200hPa)
H2OWMVRSat Lev St d( 200hPa)
H2OWMVRSat Lev St d( 200hPa)
H2OMVRSat Lev St d( 70hPa)
H2OMVRSat Lev St d( 70hPa)
H2OMVRSat Lev St d( 70hPa)
H2OMVRSat Lev St d( 70hPa)
H2OVVRSat Sur f

H2OWVRSat Sur f

H2OWVRSat Sur f

H2OWMVRSat Sur f

H2OMVRSat _| i qui d
H2OMVRSat _| i quid
H2OMVRSat _| i qui d
H2OMVRSat _| i qui d
H2OMVRSat _| i qui d( 1000hPa)
H2OMVRSat _| i qui d( 1000hPa)
H2OMVRSat _| i qui d( 1000hPa)
H2OMVRSat _| i qui d( 1000hPa)
H2OMVRSat _| i qui d( 700hPa)
H2OMVRSat _| i qui d( 700hPa)
H2OMVRSat _| i qui d( 700hPa)
H2OMVRSat _| i qui d( 700hPa)
H2OMVRSat _| i qui d( 400hPa)
H2OMVRSat _| i qui d( 400hPa)
H2OMVRSat _| i qui d( 400hPa)
H2OMVRSat _| i qui d( 400hPa)
H2OMVRSat _| i qui d( 200hPa)
H2OMVRSat _| i qui d( 200hPa)
H2OMVRSat _| i qui d( 200hPa)
H2OMVRSat _| i qui d( 200hPa)
H2OMVRSat _| i qui d( 70hPa)
H2OMVRSat _| i qui d( 70hPa)
H2OMVRSat _| i qui d( 70hPa)
H2OMVRSat _| i qui d( 70hPa)
H2OMVRSat LevSt d_I i qui d
H2OMVRSat LevSt d_I i qui d
H2OMVRSat LevSt d_I i qui d
H2OMVRSat LevSt d_I i qui d

H2OWMVRSat LevSt d_I i qui d( 1000hPa)
H2OWMVRSat LevSt d_I i qui d( 1000hPa)
H2OMVRSat LevSt d_I i qui d( 1000hPa)
H2OMVRSat LevSt d_I i qui d( 1000hPa)
H2OMVRSat LevSt d_I i qui d( 700hPa)
H2OMVRSat LevSt d_I i qui d( 700hPa)
H2OMVRSat LevSt d_I i qui d( 700hPa)
H2OMVRSat LevSt d_I i qui d( 700hPa)
H2OMVRSat LevSt d_I i qui d(400hPa)
H2OMVRSat LevSt d_I i qui d(400hPa)

Version 6 Performance and Test Report

8 828 |8LRE8 |”RE |”YRE KYRE KRB KRB KRB 8RE 8RE8 L8R8 /LY |RY KBRE [YRE KRB KRB KRS

271961

1500647
209212
186287

40801
126779
18707
310829
81429
203263
26137
323907
183900
127401
12606
323907
271961
44558
7388
323907
317523
2761
3623

4306883

2592570

1502100
212213
186287

40801
126779
18707
310829
81429
203263
26137
323907
183900

0
0
0
0
0
0
0
553117
0
553117
137620
0

0
137620
13078

[y
w
(=}
J
©

55302

[N NeoloooololojoolooloNoNoNeNo]

553024
137620
0

0
137620
13078
0

0
13078

[ecleoloNolooolololNoNe o]

o
15
@
pur
o

o~

0
553117
137620

0

0
137620

13078

0

0

13078
0
0

Page 150

0. 08823
0. 09829
0.07621

. 0006641,
. 0005824,
. 0003225,
. 0008504,
. 0009429,
0. 001006,
. 0008504,
. 0002223,

[eloNoNoNe]

[eNoloNeNe]
o
o
o
o
o
(2]
~

0. 0003849
0. 0008853
0. 0008679
0. 0003849
0. 000721
0. 0008834
0. 0009072
0. 000721
0. 00296,
0. 003684,
0. 00296,
0. 003978,
0. 0006581
0. 001141,
0. 00111
0. 0006581
0. 4405,
0.9812,

0. 5044,

0. 4405,

0. 002563,
0.1037,

0. 08606,
0. 002563,
0. 01201,
0. 02081,
0. 01601,
0. 01201,
0. 0006581
0. 001329,
0. 00117,
0. 0006581
. 001748,
. 001932,
. 002058,
. 001748,
. 000463,
. 001028,
. 000979,
. 000463,
0.111
0.9031

[eleoloNololoNoNo)

0.5914 ]



H2OMVRSat LevSt d_I i qui d(400hPa)
H2OMVRSat LevSt d_I i qui d(400hPa)
H2OMVRSat LevSt d_I i qui d( 200hPa)
H2OMVRSat LevSt d_I i qui d( 200hPa)
H2OMVRSat LevSt d_I i qui d( 200hPa)
H2OMVRSat LevSt d_I i qui d( 200hPa)
H2OWMVRSat LevSt d_I i qui d( 70hPa)
H2OWMVRSat LevSt d_I i qui d( 70hPa)
H2OWMVRSat LevSt d_I i qui d( 70hPa)
H2OWMVRSat LevSt d_I i qui d( 70hPa)

H2OMVRSat Surf _li quid
H2OMVRSat Surf _li quid
H2OMVRSat Surf _li quid
H2OMVRSat Sur f _li quid
PTropopause
PTropopause
PTropopause
PTropopause

T_Tr opopause

T_Tr opopause

T_Tr opopause

T_Tr opopause

t ot H20St d

t ot H20St d

t ot H20St d

t ot H20St d

t ot H20St dEr r

t ot H20OSt dEr r

t ot H20St dEr r

t ot H20St dEr r

H2OWRSt d

H2OWRSt d

H2OWRSt d

H2OWRSt d

H2OWVRSt d( 1000hPa)
H2OWVRSt d( 1000hPa)
H2OWVRSt d( 1000hPa)
H2OWVRSt d( 1000hPa)
H2OMVRSt d( 700hPa)
H2OMVRSt d( 700hPa)
H2OMVRSt d( 700hPa)
H2OMVRSt d( 700hPa)
H2OMVRSt d( 400hPa)
H2OMVRSt d( 400hPa)
H2OMVRSt d( 400hPa)
H2OMVRSt d( 400hPa)
H2OWVRSt d( 200hPa)
H2OMVRSt d( 200hPa)
H2OMVRSt d( 200hPa)
H2OMVRSt d( 200hPa)
H2OWVRSt d( 70hPa)
H2OWVRSt d( 70hPa)
H2OWVRSt d( 70hPa)
H2OWRSt d( 70hPa)
H2OMVRSt dEr r

H2OMVRSt dEr r

H2OMVRSt dEr r

H2OMVRSt dEr r

H2OWVRSt dEr r (1000hPa)
H2OWVRSt dEr r (1000hPa)
H2OWVRSt dEr r (1000hPa)
H2OWVRSt dEr r (1000hPa)
H2OWRSt dEr r ( 700hPa)
H2OWRSt dEr r ( 700hPa)
H2OWRSt dEr r ( 700hPa)
H2OWRSt dEr r ( 700hPa)
H2OWVRSt dEr r (400hPa)
H2OWVRSt dEr r (400hPa)
H2OWRSt dEr r (400hPa)
H2OWVRSt dEr r (400hPa)
H2OWRSt dEr r (200hPa)
H2OWVRSt dEr r (200hPa)
H2OWRSt dEr r (200hPa)
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H2OWVRSt dEr r (200hPa)
H2OWVRSt dEr r ( 70hPa)
H2OWVRSt dEr r ( 70hPa)
H2OWVRSt dEr r ( 70hPa)
H2OWVRSt dEr r ( 70hPa)
H2OMMVRLevSt d
H2OMMVRLevSt d
H2OMMVRLev St d
H2OMMVRLev St d
H2OMVRLev St d( 1000hPa)
H2OMVRLev St d( 1000hPa)
H2OMVRLev St d(1000hPa)
H2OMVRLev St d( 1000hPa)
H2OMVRLev St d( 700hPa)
H2OMVRLev St d( 700hPa)
H2OMVRLev St d( 700hPa)
H2OMVRLev St d( 700hPa)
H2OMVRLev St d(400hPa)
H2OMVRLev St d(400hPa)
H2OMVRLev St d(400hPa)
H2OMVRLev St d(400hPa)
H2OMVRLev St d(200hPa)
H2OMVRLev St d(200hPa)
H2OMVRLev St d(200hPa)
H2OMVRLev St d(200hPa)
H2OMMVRLev St d( 70hPa)
H2OMVRLev St d( 70hPa)
H2OMVRLev St d( 70hPa)
H2OMVRLev St d( 70hPa)
H2OMVRLev St dEr r
H2OMVRLev St dEr r
H2OMVRLev St dEr r
H2OMVRLev St dEr r
H2OMVRLev St dEr r ( 1000hPa)
H2OMVRLev St dEr r ( 1000hPa)
H2OMVRLev St dEr r ( 1000hPa)
H2OMVRLev St dEr r ( 1000hPa)
H2OMVRLev St dEr r ( 700hPa)
H2OMVRLev St dEr r ( 700hPa)
H2OMMVRLev St dEr r ( 700hPa)
H2OMVRLev St dEr r ( 700hPa)
H2OMVRLev St dEr r (400hPa)
H2OMMVRLev St dEr r (400hPa)
H2OMMVRLev St dEr r (400hPa)
H2OMMVRLev St dEr r (400hPa)
H2OMVRLev St dEr r ( 200hPa)
H2OMVRLev St dEr r ( 200hPa)
H2OMVRLev St dEr r ( 200hPa)
H2OMVRLev St dEr r ( 200hPa)
H2OMVRLev St dEr r ( 70hPa)
H2OMVRLev St dEr r ( 70hPa)
H2OMVRLev St dEr r ( 70hPa)
H2OMVRLev St dEr r ( 70hPa)
H2OMVRSur f

H2OMVRSur f

H2OMVRSur f

H2OMVRSur f

H2OMVRSur f Er r
H2OMVRSur f Er r
H2OMVRSur f Er r
H2OMVRSur f Er r

num H20_Func

H2O verticality

H20O dof

Rel Hum

Rel Hum

Rel Hum

Rel Hum

Rel Hum( 1000hPa)

Rel Hum( 1000hPa)

Rel Hum( 1000hPa)

Rel Hum( 1000hPa)

Rel Hum( 700hPa)
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Rel Hun( 700hPa)

Rel Hum( 700hPa)

Rel Hun( 700hPa)

Rel Hun( 400hPa)

Rel Hun{ 400hPa)

Rel Hun( 400hPa)

Rel Hun( 400hPa)

Rel Hun(200hPa)

Rel Hun(200hPa)

Rel Hun(200hPa)

Rel Hun(200hPa)

Rel Hun( 70hPa)

Rel Hun( 70hPa)

Rel Hun( 70hPa)

Rel Hun{ 70hPa)

Rel HunSur f

Rel HunSur f

Rel HunSur f

Rel HunSur f

Rel Hum | i qui d

Rel Hum | i qui d

Rel Hum | i qui d

Rel Hum | i qui d

Rel Hum_| i qui d( 1000hPa)
Rel Hum | i qui d( 1000hPa)
Rel Hum | i qui d( 1000hPa)
Rel Hum | i qui d( 1000hPa)
Rel Hum_ | i qui d( 700hPa)
Rel Hum_ | i qui d( 700hPa)
Rel Hum_ | i qui d( 700hPa)
Rel Hum_ | i qui d( 700hPa)
Rel Hum_ | i qui d( 400hPa)
Rel Hum_ | i qui d( 400hPa)
Rel Hum_ | i qui d( 400hPa)
Rel Hum | i qui d( 400hPa)
Rel Hum | i qui d( 200hPa)
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GP_Hei ght (0. 5hPa) Q 229687 0 5.263e+04 [ 4.953e+04, 5.376e+04
GP_Hei ght (0. 5hPa) @ 43896 0 5.213e+04 [ 4.856e+04, 5.376e+04
GP_surface 323907 0 343.3 | -82. 29, 5794
GP_Surface o)) 50324 0 297.7 | -28. 05, 5506
GP_Sur face Q 229687 0 375.2 | -82. 29, 5794
GP_Surface @ 43896 0 228.9 | -53. 83, 5597
d dFrcTot 323907 0 0.4574 [ 0, 1
d dFrcTot o)) 322926 0 0.4559 [ 0, 1
d dFrcTot Q 658 0 0.9681 [ 0, 1
d dFrcTot @ 323 0 0.9387 [ 0, 1
d dFrcstd 5830344 1656 0.2287 [ 0, 1
d dFrcstd Q@ 5812668 0 0.2279 [ 0, 1
d dFrcstd Q 11862 0 0.4836 [ 0, 1
d dFrcstd @ 5814 1656 0.471 | , 1
d dFrcSt dErr 3491244 2340756  0.07321 [  0.01139, 0.3
d dFrcSt dErr Q 3475854 2336814  0.07321 [  0.01139, 0.3
d dFrcSt dErr Q 10305 1557  0.07173 [  0.01846, 0. 2417
d dFrcSt dErr @ 5085 2385  0.07124 [  0.01709, 0.1911
PCl dTop 3491244 2340756 537.9 | 89. 33, 1023
PCl dTop Q@ 3475854 0 538.3 | 89. 33, 1023
PCl dTop Q 10305 0 449.2 | 123. 1, 1001
PCl dTop @ 5085 2340756 441.6 | 108. 8, 953. 8
PCl dTopEr r 3491244 2340756 47.86 | 10, 250
PCl dTopEr r Q@ 3475854 0 47.83 | 10, 250
PCl dTopEr r Q 10305 0 54.21 | 11.09, 236.2
PCl dTopEr r @ 5085 2340756 56.29 | 10. 58, 247.6
TCl dTop 3491244 2340756 250.7 | 183. 3, 316. 1
TCl dTop Q@ 3475854 0 250.8 | 183. 3, 316. 1
TCl dTop Q 10305 0 241.1 | 189. 7, 301. 4
TCl dTop @ 5085 2340756 240 [ 189. 7, 298.5
TCl dTopErr 3491244 2340756 5.776 | 0. 2553, 72.74
TCl dTopErr Q@ 3475854 0 5.557 | 0. 2553, 48. 49
TCl dTopErr Q 10305 0 55.09 | 50. 04, 72.38
TCl dTopErr @ 5085 2340756 55.31 | 50. 07, 72.74
ncld 2916000 0 1.197 | 0, 2
tot 08Std 322926 981 289.3 | 94. 73, 704.1
tot 08Std o)) 279758 0 288.6 | 119, 544
tot 08Std Q 236 0 135.5 | 105. 7, 438
tot 08Std @ 42932 981 204.7 | 94. 73, 704.1
t ot 08St dEr r 322926 981 32.86 | 11. 9, 140.8
t ot 08St dEr r o)) 279758 0 28.86 | 11. 9, 54. 4
t ot 08St dEr r Q 236 0 20.32 | 15. 86, 65. 7
t ot 08St dEr r @ 42932 981 58.94 | 18. 95, 140.8
OBVMRS! d 8491700 580300 2.384e-06 [ 1.004e-08, 2.687e-05
OBVMRS! d Q@ 7358319 0 2.395e-06 [ 1.004e-08, 1.795e-05
OBVMRS! d Q 6287 0 8.95le-07 [ 1.143e-08, 6.762e-06
OBVMRS! d @ 1127094 580300 2.325e-06 [ 1.838e-08, 2.687e-05
OBVMRSt d( 1000hPa) 185716 138191 3.162e-08 [ 1.77e-08, 5.596e-08
OBVMRSt d( 1000hPa) o)) 167428 0 3.169e-08 [ 1.77e-08, 5.469e-08
OBVMRSt d( 1000hPa) Q 151 0 2.919e-08 [ 2.472e-08, 3.298e-08
OBVMRSt d( 1000hPa) @ 18137 138191 3.106e-08 [ 1.838e-08, 5.596e-08
OBVMRSt d( 400hPa) 322926 981 6.615e-08 [ 1.237e-08, 1.665e-07
OBVMRSt d( 400hPa) @ 279758 0 6.597e-08 [ 1.237e-08, 1.665e-07
OBVMRSt d( 400hPa) Q 236 0 3.573e-08 [ 1.592e-08, 1.045e-07
OBVMRSt d( 400hPa) @ 42932 981 6.747e-08 [ 2.162e-08, 1.559e-07
OBVMRS d( 70hPa) 322926 981 1.713e-06 [ 2.544e-07, 4.647e-06
OBVMRS d( 70hPa) @ 279758 0 1.691e-06 [ 3.968e-07, 4. 45e-06
OBVMRS d( 70hPa) Q 236 0 9.066e-07 [ 4.679e-07, 3.439e-06
OBVMRS d( 70hPa) @ 42932 981 1.859e-06 [ 2.544e-07, 4.647e-06
OBVMRSt d( 7. OhPa) 322926 981 6.885e-06 [ 1.305e-06, 2.479e-05
OBVMRSt d( 7. OhPa) @ 279758 0 6.954e-06 [ 2.087e-06, 1.602e-05
OBVMRSt d( 7. OhPa) Q 236 0 2.151e-06 [ 1.584e-06, 6.762e-06
OBVMRSt d( 7. OhPa) @ 42932 981  6.46e-06 [ 1.305e-06, 2.479e-05
OBVMRSt d( 0. 5hPa) 322926 981 1.441e-06 [ 3.428e-07, 3.832e-06
OBVMRSt d( 0. 5hPa) @ 279758 0 1.438e-06 [ 4.29e-07, 2.374e-06
OBVMRSt d( 0. 5hPa) Q 236 0 8.018e-07 [ 4.143e-07, 1.522e-06
OBVMRSt d( 0. 5hPa) @ 42932 981 1.466e-06 [ 3.428e-07, 3.832e-06
OBVMRSt dEr r 8491700 580300 5.054e-07 [ 3.01le-09, 8.062e-06
OBVMRSt dEr r Q@ 7358319 0 4.753e-07 [ 3.011e-09, 3.591e-06
OBVMRSt dEr r Q 6287 0 2.246e-07 [ 5.144e-09, 1.691e-06
OBVMRSt dEr r @ 1127094 580300 7.032e-07 [ 9.506e-09, 8.062e-06
OBVMRSt dEr r ( 1000hPa) 185716 138191  1.04e-08 [ 5.311e-09, 3.358e-08
OBVMRSt dEr r ( 1000hPa) @ 167428 0 9.506e-09 [ 5.311e-09, 1.641e-08
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OBVMRSt dEr r ( 1000hPa) Q 151 0 1.314e-08 [ 1.113e-08, 1.484e-08
OBVMRSt dEr r ( 1000hPa) @ 18137 138191 1.864e-08 [ 1.103e-08, 3.358e-08
OBVMRSt dEr r ( 400hPa) 322926 981 2.254e-08 [ 3.711e-09, 9.352e-08
OBVMRSt dEr r ( 400hPa) o)) 279758 0 1.979e-08 [ 3.711e-09, 4.994e-08
OBVMRSt dEr r ( 400hPa) Q 236 0 1.608e-08 [ 7.162e-09, 4.704e-08
OBVMRSt dEr r ( 400hPa) @ 42932 981 4.048e-08 [ 1.297e-08, 9.352e-08
OBVMRS dEr r ( 70hPa) 322926 981  2.94e-07 [ 5.952e-08, 1.394e-06
OBVMRSt dEr r ( 70hPa) o)) 279758 0 2.536e-07 [ 5.952e-08, 6.675e-07
OBVMRSt dEr r ( 70hPa) Q 236 0 2.085e-07 [ 1.076e-07, 7.909e-07
OBVMRSt dEr r ( 70hPa) @ 42932 981 5.577e-07 [ 7.632e-08, 1.394e-06
OBVMRSt dEr r ( 7. OhPa) 322926 981 1.463e-06 [ 3.915e-07, 7.437e-06
OBVMRSt dEr r (7. OhPa) o)) 279758 0 1.391e-06 [ 4.173e-07, 3.204e-06
OBVMRSt dEr r ( 7. OhPa) Q 236 0 5.377e-07 [ 3.959e-07, 1.691e-06
OBVMRSt dEr r ( 7. OhPa) @ 42932 981 1.938e-06 [ 3.915e-07, 7.437e-06
OBVMRSt dEr r (0. 5hPa) 322926 981 3.078e-07 [ 8.58e-08, 1.149e-06
OBVMRSt dEr r (0. 5hPa) o)) 279758 0 2.877e-07 [ 8.58e-08, 4.748e-07
OBVMRSt dEr r (0. 5hPa) Q 236 0 2.005e-07 [ 1.036e-07, 3.806e-07
OBVMRSt dEr r (0. 5hPa) @ 42932 981 4.397e-07 [ 1.029e-07, 1.149e-06
O3VMRLevSt d 8517674 554326 2.355e-06 [ 1.068e-08, 3.103e-05
O3VMRLevSt d Q@ 7358319 0 2.366e-06 [ 1.068e-08, 1.905e-05
O3VMRLevSt d Q 6287 0 8.727e-07 [ 1.192e-08, 6.59¢-06
O3VMRLevSt d @ 1153068 554326 2.289e-06 [ 1.884e-08, 3.103e-05
OBVMRLev St d( 1000hPa) 186287 137620 3.132e-08 [ 1.816e-08, 5.637e-08
OBVMRLev St d( 1000hPa) o)) 167428 3.136e-08 [ 1.816e-08, 5.468e-08
OBVMRLev St d( 1000hPa) Q 151 0 3.043e-08 [ 2.677e-08, 3.414e-08
OBVMRLev St d( 1000hPa) @ 18708 137620 3.102e-08 [ 1.884e-08, 5.637e-08
OBVMRLev St d( 400hPa) 323907 0 5.989e-08 [ 1.132e-08, 1.495e-07
OBVMRLev St d( 400hPa) o)) 279758 0 6.001le-08 [ 1.132e-08, 1.493e-07
OBVMRLev St d( 400hPa) Q 236 0 3.252e-08 [ 1.429e-08, 8.693e-08
OBVMRLev St d( 400hPa) @ 43913 0 5.925e-08 [ 2.057e-08, 1.495e-07
OBVMRLev St d( 70hPa) 323907 0 1.254e-06 [ 1.68e-07, 3.79e-06
OBVMRLev St d( 70hPa) o)) 279758 0 1.226e-06 [ 2.616e-07, 3.275e-06
OBVMRLev St d( 70hPa) Q 236 0 7.872e-07 [ 4.65e-07, 2.83e-06
OBVMRLev St d( 70hPa) @ 43913 0 1.437e-06 [ 1.68e-07, 3.79e-06
OBVMRLev St d( 7. OhPa) 323907 0 6.966e-06 [ 1.313e-06, 2.888e-05
OBVMRLev St d( 7. OhPa) o)) 279758 0 7.045e-06 [ 2.064e-06, 1.784e-05
OBVMRLev St d( 7. OhPa) Q 236 0 2.08e-06 [ 1.582e-06, 6.59¢-06
OBVMRLev St d( 7. OhPa) @ 43913 0 6.486e-06 [ 1.313e-06, 2.888e-05
OBVMRLev St d( 0. 5hPa) 323907 0 1.826e-06 [ 4.258e-07, 4.853e-06
OBVMRLev St d( 0. 5hPa) o)) 279758 0 1.819e-06 [ 5.487e-07, 2.987e-06
OBVMRLev St d( 0. 5hPa) Q 236 0 9.71e-07 [ 5.343e-07, 1.948e-06
OBVMRLev St d( 0. 5hPa) @ 43913 0 1.88e-06 [ 4.258e-07, 4.853e-06
O3VMRLev St dEr r 8517674 554326 2.427e-07 [ 1.101e-09, 2.353e-06
O3VMRLev St dEr r Q@ 7358319 0 2.413e-07 [ 1.101e-09, 1.389e-06
O3VMRLev St dEr r Q 6287 0 1.046e-07 [ 1.305e-09, 7.639e-07
O3VMRLev St dEr r @ 1153068 554326 2.522e-07 [ 1.845e-09, 2.353e-06
OBVMRLev St dEr r ( 1000hPa) 186287 137620 5.104e-09 [ 2.796e-09, 1.735e-08
OBVMRLev St dEr r ( 1000hPa) o)) 167428 0 5.078e-09 [ 2.796e-09, 9.367e-09
OBVMRLev St dEr r ( 1000hPa) Q 151 0 4.59e-09 [ 3.719e-09, 5.22e-09
OBVMRLev St dEr r ( 1000hPa) @ 18708 137620 5.338e-09 [ 2.966e-09, 1.735e-08
OBVMRLev St dEr r (400hPa) 323907 0 6.536e-09 [ 1.306e-09, 1.725e-08
OBVMRLev St dEr r (400hPa) o)) 279758 0 6.525e-09 [ 1.306e-09, 1.537e-08
OBVMRLev St dEr r (400hPa) Q 236 0 3.591e-09 [ 1.628e-09, 9.152e-09
OBVMRLev St dEr r (400hPa) @ 43913 0 6.622e-09 [ 2.352e-09, 1.725e-08
OBVMRLev St dEr r ( 70hPa) 323907 0 1.198e-07 [ 1.787e-08, 3.67e-07
O3VMRLev St dEr r ( 70hPa) @ 279758 0 1.168e-07 [ 2.696e-08, 3.052e-07
OBVMRLev St dEr r ( 70hPa) Q 236 0 7.236e-08 [ 4.643e-08, 2.507e-07
OBVMRLev St dEr r ( 70hPa) @ 43913 0 1.394e-07 [ 1.787e-08, 3.67e-07
OBVMRLev St dEr r (7. OhPa) 323907 0 6.678e-07 [ 1.51e-07, 2.302e-06
OBVMRLev St dEr r (7. OhPa) @ 279758 0 6.687e-07 [ 2.34e-07, 1.378e-06
OBVMRLev St dEr r (7. OhPa) Q 236 0 2.355e-07 [ 1.785e-07, 7.368e-07
OBVMRLev St dEr r (7. OhPa) @ 43913 0 6.642e-07 [ 1.51e-07, 2.302e-06
OBVMRLev St dEr r (0. 5hPa) 323907 0 2.805e-07 [ 7.027e-08, 7.705e-07
OBVMRLev St dEr r (0. 5hPa) @ 279758 0 2.775e-07 [ 8.732e-08, 4.574e-07
OBVMRLev St dEr r (0. 5hPa) Q 236 0 1.565e-07 [ 8.533e-08, 3.009e-07
OBVMRLev St dEr r (0. 5hPa) @ 43913 0 3.003e-07 [ 7.027e-08, 7.705e-07
num C8_Func 323907 0 8.952 | 0, 9
o_verticality 2899672 16328 0.7559 [ -0.5106, 1.736
3_dof 322926 981 1.554 | 0. 1303, 2.746
0O total _col um 323907 0 1.734e+18 [ 6.379e+17, 1.065e+19
00 total _col um @ 242781 0 1.799e+18 [ 7.297e+17, 7.324e+18
00 total _col um Q 16789 0 1.508e+18 [ 7.939e+17, 2.411e+18
00 total _col um @ 64337 0 1.545e+18 [ 6.379e+17, 1.065e+19
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471e- 06,
599e- 06,
633e- 06,
471e- 06,
784e-07,
269e- 06,
321e- 06,
784e-07,

. 787e-07,

787e-07,

201e- 07
096e- 07
848e- 07
201e- 07
795e- 07
547e- 07
. 601e- 07
795e- 07
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149e- 07
121e-08
993e- 08
423e- 08
121e-08
409e- 07
112e- 07
699e- 08
409e- 07
203e- 07
985e- 08
6. 09e- 08
203e- 07
203e- 07
862e- 08
208e- 08
203e- 07
349e- 08
407e- 08
645e- 08
349e- 08
163e- 08
805e- 08
982e- 08
. 163e- 08
801e- 08
2.93e-08
2.371e-08
3.801e-08
6. 42e- 08
4.727e-08
3.893e-08
6. 42e- 08
9

1.546

1. 454
6.911e+19
4.046e+19
3. 98e+19
.911e+19
. 767e-06
. 102e- 06
. 025e- 06
767e- 06
2.72e-06
2.102e- 06
2.025e- 06
2.72e-06
467e- 06
. 961e- 06
. 933e- 06
.467e- 06
.522e- 06
1. 78e- 06
1. 75e- 06
2.522e-06
1.467e- 06
1. 294e- 06
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CHAVMRLevSt d( 7. OhPa)
CHAVMRLevSt d( 7. OhPa)
CHAVMRLevSt d( 0. 5hPa)
CHAVMRLevSt d( 0. 5hPa)
CHAVMRLevSt d( 0. 5hPa)
CHAVMRLevSt d( 0. 5hPa)
CHAVMRLevSt dEr r
CHAVMRLevSt dEr r
CHAVMRLevSt dEr r
CHAVMRLevSt dEr r
CHAVMRLev St dEr r ( 1000hPa)
CHAVMRLev St dEr r ( 1000hPa)
CHAVMRLev St dEr r ( 1000hPa)
CHAVMRLev St dEr r ( 1000hPa)
CHAVMRLev St dEr r (400hPa)
CHAVMRLev St dEr r (400hPa)
CHAVMRLev St dEr r (400hPa)
CHAVMRLev St dEr r (400hPa)
CHAVMRLev St dEr r ( 70hPa)
CHAVMRLev St dEr r ( 70hPa)
CHAVMRLev St dEr r ( 70hPa)
CHAVMRLev St dEr r ( 70hPa)
CHAVMRLev St dEr r (7. OhPa)
CHAVMRLev St dEr r (7. OhPa)
CHAVMRLev St dEr r (7. OhPa)
CHAVMRLev St dEr r (7. OhPa)
CHAVMRLev St dEr r (0. 5hPa)
CHAVMRLev St dEr r (0. 5hPa)
CHAVMRLev St dEr r (0. 5hPa)
CHAVMRLev St dEr r (0. 5hPa)
num CH4_Func
CH4_verticality_10func
CH4_dof

ol r

ol r

ol r

ol r

ol r3x3

ol r3x3

ol r3x3

ol r3x3

olr_err

olr_err

olr_err

olr_err

clrolr

clrolr

clrolr

clrolr_err

clrolr_err

clrolr_err

ft pt geoga

zengeoga

dengeoga

dust _flag

al | _spots_avg

retrieval _type

Surfd ass

TAI r MAOnl y St d

TAI r MAOnl y St d

TAI r MAOnl y St d

TAi r MAOnl y St d( 1000hPa)
TAi r MAOnl y St d( 1000hPa)
TAi r MAOnl y St d( 1000hPa)
TAi r MAOnl y St d( 400hPa)
TAi r MAOnl y St d( 400hPa)
TAi r MAOnl y St d( 400hPa)
TAi r MAOnl y St d( 70hPa)

TAi r MAOnl y St d( 70hPa)

TAi r MAOnl y St d( 70hPa)

TAi r MAOnl y St d( 7. OhPa)
TAi r MAOnl y St d( 7. OhPa)
TAi r MAOnl y St d( 7. OhPa)
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0
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314141
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0

55432

[eNeoloNolooloNoNo)
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0
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©
©
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©
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810212
0
810212
141837
0
141837
9766

0

9766
9766

0

9766
9766

0

9766
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. 687e-07
. 146e- 07
851e- 07
116e- 07
926e- 07
479e- 07
725e- 08
726e- 08
131e-08
775e-08
916e- 08
853e- 08
913e- 08
.074e-08
2. 68e-08
667e- 08
635e- 08
712e-08
994e- 08
928e- 08
716e- 08
156e- 08
086e- 08
126e- 08
019e- 08
101e- 08
. 234e-08
322e-08
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10

30

0

0

0. 01092
-1.794
0.074
0. 1096
2.224
240
240
nan
287.1
287.1
nan
242.9
242.9
nan
209. 4
209. 4
nan
232
232
nan
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. 856e-07,
. 793e-07,
414e-07,
414e-07,
435e- 07,
418e-07,
112e-09,
. 112e-09,
203e-09,

558e- 08,
603e- 08,
577e-08,
125e-08,
911e-08,
098e- 08,
125e-08,
946e- 08,
946e- 08,
978e- 08,
947e-08,
112e-09,
. 112e-09,
203e-09,
8.21e-09,

0,
-0.3359,
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181.
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237.
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.467e- 06
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489e- 08
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TAi r MAONI y St d( 0. 5hPa)
TAi r MAONI y'St d( 0. 5hPa)
TAi r MAONI y'St d( 0. 5hPa)

MABur f C ass

sf cTbMABt d

sf cTbMABt d

sf cTbMABt d

Emi sMAGt d

Emi sMAGt d

Emi sMAGt d

Emi sMABt dEr r

Emi sMABt dEr r

Emi sMABt dEr r

t ot H2OMAONI y St d
t ot H2OMAONI y St d
t ot H2OMAONI y St d
GP_Hei ght _MAOnl y
GP_Hei ght _MAOnl y
GP_Hei ght _MAOnl y

GP_Hei ght _MAOnI y( 1000hPa)
GP_Hei ght _MAOnI y( 1000hPa)
GP_Hei ght _MAOnI y( 1000hPa)

GP_Hei ght _MAOnI y( 400hPa)
GP_Hei ght _MAOnI y( 400hPa)
GP_Hei ght _MAOnI y( 400hPa)
GP_Hei ght _MAOnl y( 70hPa)
GP_Hei ght _MAOnI y( 70hPa)
GP_Hei ght _MAOnI y( 70hPa)

GP_Hei ght _MAOnl y (7.
GP_Hei ght _MAOnl y (7.
GP_Hei ght _MAOnl y (7.
GP_Hei ght _MAOnI y (0.
GP_Hei ght _MAOnI y (0.
GP_Hei ght _MAOnI y (0.
MNret _used

tot Cl dH20st d

tot Cl dH20st d

tot Cl dH20st d

tot Cl dH2OSt dEr r
tot Cl dH2OSt dEr r
tot Cl dH2OSt dEr r

4.2. Support products (‘airx2sup’)

Fi el dnane

0OhPa)
0OhPa)
0OhPa)
5hPa)
5hPa)
5hPa)
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314141
314141
0
323907
1619540
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362972
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1570710
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4753102
3508686
182070
153838
28232
314141
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137243
314141
176898
137243
314141
176898
137243
314141
176898
137243
323907
323907
176897
147010
299257
176897
122360

9766

0

9766

0
648460
0
648460
648460
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0
648460

263.9
263.9
nan
2.224
193.1
191.1
200
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. 958e+04,
0,

0,

5. 963e- 08,
0,

0. 0005,

0. 0005,
0. 0005,

29

1.16

94.35 ]

. 625e+04 ]
.619e+04 ]
. 625e+04 ]
278.7 ]
278.7 ]
234.7 ]
7749 ]
7699 ]
7749 ]
.897e+04 ]
. 892e+04 ]
897e+04 ]
425e+04 ]
425e+04 ]
411e+04 ]
. 389e+04 ]
. 389e+04 ]
. 389e+04 ]
1]

15. 67 ]

0. 4997 ]
15. 67 ]
15. 67 ]
0.04648 ]
15. 67 ]

[N N
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sat hei ght
satrol
satpitch
satyaw

satzen

sat azi

sol zen

sol azi

glintlat
glintlon
sun_gl i nt_di st ance
nadi r TA
sat_| at
sat_l on
scan_node_type
t opog
topog_err

10800
323907
323907
323907
172264

5353
5353
323907

10800

10800

10800

10800
323907
323907

O O O O o o o

151643
5447
5447

0
0
0
0
0
0
0
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714.5

-0. 0004961
-0.02367
- 0. 0006888
28.08

0. 02965
90. 55
-52.04
7.832

-0. 7059
1. 554e+04
3. 055e+08
-1.526
-0.4735
66. 51
343.1
32.41

703.7,

- 0. 03416,
-0. 03092,
- 0. 03821,
1.73,

- 180,

14. 77,

- 180,

- 65. 87,

- 180,

0,

3. 054e+08,
-81.87,

- 180,

65,

-82. 4,

0,

730.3 ]
0.03116 ]
-0. 007053 ]
0.03502 ]
55.83 ]

180 ]

165.2 ]

180 ]

75.93 ]

180 ]

3e+04 ]
3.055e+08 ]
81.87 ]

180 ]

68 1]

5805 ]

1437 ]
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I andFr ac 323907 0 0.3314 | 0, 1]
I andFrac_err 323907 0 0.03044 [ 0, 0.471 ]
sat geoga 10800 0 0 [ 0, 0]
gl i ntgeoga 10800 0 1.025 [ 0, 77
noongeoqga 10800 0 9.259e-05 [ 0, 1
I at Al RS 2915325 675 -1.529 | - 89. 89, 89.91
| onAl RS 2915325 675 -0.5426 [ - 180, 180
pr essSupp 24000 0 294.4 [ 0.0161, 1100
pressStd 6720 0 260.4 [ 0.1, 1100
PSur f St d 323907 0 970.3 [ 500. 6, 1033
PSur f St d Q 323907 0 970.3 [ 500. 6, 1033
nSur f Sup 323907 0 95.62 [ 75, 98
nSur f St d 323907 0 2.703 [ 2, 7
dust _flag 2916000 0 -1.794 | -4, 1
dust _score 2916000 0 78.4 [ 0, 511
BT_di f f _SO2 2915323 677 -1.438 | -5.104, 4.674
BT_di f f _SO2 Q 2915172 0 -1.438 | -5.104, 4.674
BT_di f f _SO2 Q 151 677 -1.144 | - 3. 025, 1.923
cl oud_phase_3x3 2281756 634244 0.4358 [ -2, 4
cl oud_phase_bits 2916000 0 286.2 [ 0, 902
PBest 323907 0 485.1 [ 0, 1033
PGood 323907 0 912.2 | 0, 1033
nBest Sup 323907 0 71.31 [ 0, 98
nGoodSup 323907 0 92.6 [ 0, 98
nBest St d 323907 0 7.645 [ 2, 29
nGoodsSt d 323907 0 3.329 | 2, 29
TSur f Std 323907 0 278.8 [ 189. 2, 339.8
TSur f Std Q 55085 0 296 [ 261. 8, 305. 2
TSur f Std QL 142308 0 274.9 [ 189. 2, 339.8
TSur f Std Q 126514 0 275.6 [ 189. 8, 339.1
TSur f St dEr r 323907 0 3.623 | 0. 25, 50
TSur f St dEr r Q 55085 0 0.7598 [ 0. 25, 1.1
TSur f St dEr r QL 142308 0 3.269 [ 0.7, 7
TSur f St dEr r Q 126514 0 5.269 [ 0.7, 50
nunHi ngeSur f 323907 0 39 [ 39, 39
freqEm s 12636000 19764000 1380 [ 649. 3, 2632
freqEm s(649) 323907 0 649.3 [ 649. 3, 649. 3
freqEm s(725) 323907 0 724.6 [ 724. 6, 724.6
freqEm s(909) 323907 0 909.1 [ 909. 1, 909. 1
freqEm s(1163) 323907 0 1163 [ 1163, 1163
freqEm s(1205) 323907 0 1205 [ 1205, 1205
freqEm s(1639) 323907 0 1639 [ 1639, 1639
freqEm s(2174) 323907 0 2174 [ 2174, 2174
freqEm s(2381) 323907 0 2381 [ 2381, 2381
freqEm s(2500) 323907 0 2500 [ 2500, 2500
freqEm s(2632) 323907 0 2632 [ 2632, 2632
em sl RSt d 12594114 19805886 0.9668 [ 0. 4419, 1
em sl RSt d Q 2148315 0 0.9725 | 0. 8783, 1
em sl RSt d QL 5550012 0 0.9644 | 0. 4419, 1
em sl RSt d Q 4895787 19805886 0.9671 [ 0. 4429, 1
em sl RSt d(649) 322926 981 0.9522 | 0.7562, 1
em sl RSt d(649) Q 55085 0 0.9391 [ 0. 8783, 0.9934
em sl RSt d(649) QL 142308 0 0.9637 [ 0. 7569, 1
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emi sl RSt d(649)

em sl RSt d( 725)

em sl RSt d( 725)

em sl RSt d( 725)

em sl RSt d( 725)

emi sl RSt d(909)

emi sl RSt d(909)

emi s| RSt d(909)

em s| RSt d(909)

em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d(1163)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1205)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d( 1639)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2174)
em sl RSt d(2381)
em sl RSt d(2381)
em sl RSt d(2381)
em sl RSt d(2381)
emi sl RSt d( 2500)
emi sl RSt d( 2500)
emi sl RSt d( 2500)
emi sl RSt d( 2500)
em sl RSt d(2632)
em sl RSt d(2632)
em sl RSt d( 2632)
em sl RSt d(2632)
em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r

em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dEr r (649)
em sl RSt dErr (725)
em sl RSt dErr (725)
em sl RSt dErr (725)
em sl RSt dErr (725)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
em sl RSt dEr r (909)
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YR8 KRB RK/RLRE KR8 L«LRAB BR8 KL KL K®RE K®LRE K®RLR8 QL8 LKLE

125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533
12594114
2148315
5550012
4895787
322926
55085
142308
125533
322926
55085
142308
125533
322926
55085
142308
125533

981
981
0
0
981
981

981
981

981
981

981
981

981
981

981
981

981
981

981

981

0

0

981
19805886
0

0
19805886
981

0

0

981

981

981
981

981
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0
0.
0
0
0
0.
0
0

0.

0.
0.

0. 9449
0. 9599
0. 955
0. 9652
0. 9561
0. 9822
0.9879
0.977
. 9857
. 9711
. 9802
. 9636
9755
9671
. 9792
. 9604
. 9693
9677
9718
9694
. 9641
. 9546
. 9728
9471
9551
. 9504
. 9714
. 9411
9518
9579
9689
. 9473
. 9652
. 9631
9708
9543
. 9697
. 01477
005114
. 01489
.01886
.01717
006187
. 01486
. 02461
0. 0152
005313
01446
02039

OO0 00000000000 00000000000 OO0 O o

0. 01353

0. 005
.01428
. 01643

. 7562,
. 8264,
. 8988,
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. 9566,
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8393,
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. 9405,
. 6372,
. 6572,
. 6371,
. 9388,
. 6371,
0. 662,
0. 547,
0.9222,
0. 727,
0. 547,
. 5596,
. 9323,
. 5621,
. 5596,
. 5084,
. 9239,
. 5084,
. 5214,
0.6,
0. 9085,
0.6,
0.6,
0.6,

0. 9158,
0.6,
0.6,

0. 005,
0. 005,
0.01,
0. 01,
0. 005,
0. 005,
0.01,

. 01205,
0. 005,
0. 005,
0. 01,
0. 01,
0. 005,
0. 005,
0. 01,
0. 01,

O O O O O o o o

0
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.03448 ]
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.06428 ]
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em s| RSt dErr (1163)

em s| RSt dErr (1163)

em s| RSt dErr (1163)

em s| RSt dErr (1163)

em sl RSt dErr (1205)

em sl RSt dErr (1205)

em sl RSt dErr (1205)

em sl RSt dEr r (1205)

em sl RSt dErr (1639)

em sl RSt dErr (1639)

em sl RSt dErr (1639)

em sl RSt dErr (1639)

em s| RSt dErr (2174)

em s| RSt dErr (2174)

em s| RSt dErr (2174)

em s| RSt dErr (2174)

em sl RSt dErr (2381)

em sl RSt dErr (2381)

em sl RSt dErr (2381)

em sl RSt dErr (2381)

em sl RSt dEr r (2500)

em sl RSt dEr r (2500)

em sl RSt dEr r (2500)

em sl RSt dEr r (2500)

em sl RSt dErr (2632)

em sl RSt dErr (2632)

em sl RSt dErr (2632)

em sl RSt dErr (2632)

Ef fective_Sol ar_Refl ectance

Ef fective_Sol ar_Refl ectance

Ef fective_Sol ar_Refl ectance

Ef fective_Sol ar_Refl ectance

Ef fective_Sol ar_Refl ect ance(649)
Ef fective_Sol ar_Refl ect ance(649)
Ef fective_Sol ar_Refl ect ance(649)
Ef fective_Sol ar _Refl ect ance(649)
Ef fective_Sol ar _Refl ect ance(725)
Ef fective_Sol ar _Refl ect ance(725)
Ef fective_Sol ar _Refl ect ance(725)
Ef fective_Sol ar _Refl ect ance(725)
Ef fective_Sol ar_Refl ect ance(909)
Ef fective_Sol ar _Refl ect ance(909)
Ef fective_Sol ar _Refl ect ance(909)
Ef fective_Sol ar_Refl ect ance(909)
Ef fective_Sol ar_Refl ectance(1163)
Ef fective_Sol ar_Refl ectance(1163)
Ef fective_Sol ar _Refl ectance(1163)
Ef fective_Sol ar_Refl ectance(1163)
Ef fective_Sol ar _Refl ectance(1205)
Ef fective_Sol ar _Refl ectance( 1205)
Ef fective_Sol ar _Refl ectance( 1205)
Ef fective_Sol ar _Refl ectance( 1205)
Ef fective_Sol ar _Refl ectance(1639)
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142308
125533
322926
55085
142308
125533
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2148315
5550012
4895787
322926
55085
142308
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322926
55085
142308
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322926
55085
142308
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322926
55085
142308
125533
322926
55085
142308
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322926

981
0
0
981
981

981
981

981
981

981
981

981
981

981

981

0

0

981
19805886
0

0
19805886
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0

0

981

981

981
981

981
981

981
981

981
981
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0.01429
0. 005001
0. 01536
0.01716
0.01454
0. 005003
0. 01539
0.01776
0.01435
0. 005041
0.01432
0.01848
0.01598
0. 005022

0. 0156
0. 02122
0.01686
0. 005032
0. 01656
0. 02238
0.01521
0. 005068
0.01571

0. 0191
0. 01496
0. 005058

0. 0156
0.01858
0.01083
0. 008537
0.01108
0.01156

0. 0166
. 01825
01215
02091
. 01417
. 01336
.01209

0. 0169
0. 006265
0. 00335
0. 007858
0. 005739
0. 009837

0. 0064
0.01173
0. 009198
0.01014
0. 006701
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GP_Hei ght Sup(0. 1hPa)
GP_Hei ght Sup(0. 1hPa)
GP_Hei ght Sup(0. 1hPa)
GP_Hei ght Sup(0. 1hPa)
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O3CDSup( 47hPa) @ 43913 0 2.229e+17 [ 3.808e+16, 6.241le+17
O3CDSup( 103hPa) 323907 0 9.234e+16 [ 1.156e+16, 2.963e+17
O3CDSup( 103hPa) o)) 279758 0 8.902e+16 [ 1.374e+16, 2.55e+17
O3CDSup( 103hPa) Q 236 0 8.276e+16 [ 4.086e+16, 2.33e+17
O3CDSup( 103hPa) @ 43913 0 1.136e+17 [ 1.156e+16, 2.963e+17
O3CDSup( 190hPa) 323907 0 4.891e+16 [ 6.648e+15, 1.519e+17
O3CDSup( 190hPa) o)) 279758 0 4.68le+16 [ 6.648e+15 1.519e+17
O3CDSup( 190hPa) Q 236 0 3.497e+16 [ 2.213e+16, 1.25le+17
O3CDSup( 190hPa) @ 43913 0 6.235e+16 [ 6.68e+15, 1.519e+17
O3CDSup( 314hPa) 323907 0 2.3e+16 [ 3.75e+15, 6.915e+16
O3CDSup( 314hPa) o)) 279758 0 2.28e+16 [ 3.75e+15, 6.915e+16
O3CDSup( 314hPa) Q 236 0 1.26e+16 [ 5.734e+15,  4.08e+16
O3CDSup( 314hPa) @ 43913 0 2.434e+16 [ 7.049e+15 5. 86e+16
O3CDSup( 478hPa) 323907 0 2.138e+16 [ 4.46e+15, 5.949e+16
O3CDSup( 478hPa) o)) 279758 0 2.148e+16 [ 4.46e+15, 5.307e+16
O3CDSup( 478hPa) Q 236 0 1.234e+16 [ 4.919e+15, 2.908e+16
O3CDSup( 478hPa) @ 43913 0 2.077e+16 [ 8.373e+l5, 5.949e+16
O3CDSup( 684hPa) 314518 9389 2.159e+16 [ 4.676e+15, 5.795e+16
O3CDSup( 684hPa) o)) 270508 0 2.175e+16 [ 4.676e+15, 4.783e+16
O3CDSup( 684hPa) Q 236 0 1.517e+16 [ 7.318e+15, 2.711e+16
O3CDSup( 684hPa) @ 43774 9389 2.064e+16 [ 1.058e+16, 5.795e+16
O3CDSup( 932hPa) 281825 42082 1.871e+16 [ 7.595e+15, 4.20le+16
O3CDSup( 932hPa) o)) 241886 0 1.88le+16 [ 7.595e+15, 3.466e+16
O3CDSup( 932hPa) Q 236 0 1.662e+16 [ 1.243e+16, 2.17e+16
O3CDSup( 932hPa) @ 39703 42082 1.814e+16 [ 1.03e+16, 4.20le+16
OB3CDSUpEr r 30972691 1427309 1.298e+16 [ 2.902e+13, 1.939e+17
OB3CDSUpEr Q@ 26734234 0 1.282e+16 [ 3.086e+13, 1.14le+17
OB3CDSUpEr Q 22878 0 6.119e+15 [ 3.325e+13, 5.476e+16
OB3CDSUpEr r @ 4215579 1427309 1.399e+16 [ 2.902e+13, 1.939e+17
OB3CDSupEr r (0. 1hPa) 323907 0 1.915e+14 [ 5.194e+13, 6.439e+14
OB3CDSupEr r (0. 1hPa) o)) 279758 0 1.89e+14 [ 5.322e+13, 3.05e+14
OB3CDSupEr r (0. 1hPa) Q 236 0 1.329e+14 [ 5.353e+13, 1.988e+14
OB3CDSupEr r (0. 1hPa) @ 43913 0 2.076e+14 [ 5.194e+13, 6.439e+14
OB3CDSupEr r ( 3. 3hPa) 323907 0 1.405e+16 [ 3.38e+15, 4.846e+16
OB3CDSupEr r ( 3. 3hPa) o)) 279758 0 1.39e+16 [ 4.708e+15, 2.537e+16
OB3CDSupEr r ( 3. 3hPa) Q 236 0 5.64e+15 [ 3.872e+15, 1.535e+16
OB3CDSupEr r ( 3. 3hPa) @ 43913 0 1.506e+16 [ 3.38e+15, 4.846e+16
O3CDSupEr r ( 16hPa) 323907 0 4.453e+16 [ 8.356e+15, 1.925e+17
O3CDSupEr r ( 16hPa) o)) 279758 0 4.465e+16 [ 1.356e+16, 1.141le+17
O3CDSupEr r ( 16hPa) Q 236 0 1.292e+16 [ 1.015e+16, 4.27e+16
O3CDSupEr r ( 16hPa) @ 43913 0 4.397e+16 [ 8.356e+15, 1.925e+17
O3CDSupEr r (47hPa) 323907 0 3.21e+16 [ 6.072e+15, 1.599e+17
O3CDSupEr r (47hPa) o)) 279758 0 3.153e+16 [ 7.156e+15, 8.585e+16
O3CDSupEr r (47hPa) Q 236 0 1.6le+16 [ 7.554e+15, 5.473e+16
O3CDSupEr r (47hPa) @ 43913 0 3.584e+16 [ 6.072e+15, 1.599e+17
OB3CDSupEr r ( 103hPa) 323907 0 1.396e+16 [ 1.871e+l5, 7.723e+16
OB3CDSupEr r (103hPa) o)) 279758 0 1.336e+16 [ 2.192e+15 3.803e+16
OB3CDSupEr r ( 103hPa) Q 236 0 1.255e+16 [ 6.439e+15, 3.434e+16
OB3CDSupEr r ( 103hPa) @ 43913 0 1.776e+16 [ 1.871e+l5, 7.723e+16
OB3CDSupEr r ( 190hPa) 323907 0 7.244e+15 [ 1.021e+15, 3.846e+16
OB3CDSupEr r ( 190hPa) o)) 279758 0 6.884e+15 [ 1.021e+15, 2.195e+16
OB3CDSupEr r ( 190hPa) Q 236 0 5.266e+15 [ 3.367e+15, 1.796e+16
OB3CDSupEr r ( 190hPa) @ 43913 0 9.549e+15 [ 1.031e+l5, 3.846e+16
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CBCDSupEr r (314hPa)
CBCDSupEr r (314hPa)
CBCDSupEr r (314hPa)
CBCDSupEr r (314hPa)
CBCDSupEr r (478hPa)
CBCDSupEr r (478hPa)
CBCDSupEr r (478hPa)
CBCDSupEr r (478hPa)
CBCDSupEr r (684hPa)
CBCDSupEr r (684hPa)
CBCDSupEr r (684hPa)
CBCDSupEr r (684hPa)
CBCDSupEr r (932hPa)
CBCDSupEr r (932hPa)
CBCDSupEr r (932hPa)
CBCDSupEr r (932hPa)
G3VMRLev Sup
G3VMRLev Sup
G3VMRLev Sup
G3VMRLev Sup
GBVMRLevSup( 0. 1hPa)
GBVMRLevSup( 0. 1hPa)
GBVMRLevSup( 0. 1hPa)
GBVMRLevSup( 0. 1hPa)
GBVMRLevSup( 3. 3hPa)
GBVMRLevSup( 3. 3hPa)
GBVMRLevSup( 3. 3hPa)
GBVMRLevSup( 3. 3hPa)
CGBVMRLevSup( 16hPa)
CGBVMRLevSup( 16hPa)
GBVMRLevSup( 16hPa)
GBVMRLevSup( 16hPa)
GBVMRLevSup( 47hPa)
GBVMRLevSup( 47hPa)
GBVMRLevSup( 47hPa)
CGBVMRLevSup( 47hPa)
GBVMRLevSup(103hPa)
GBVMRLevSup(103hPa)
GBVMRLevSup(103hPa)
GBVMRLevSup(103hPa)
GBVMRLev Sup( 190hPa)
GBVMRLev Sup( 190hPa)
GBVMRLevSup(190hPa)
GBVMRLevSup(190hPa)
GBVMRLevSup( 314hPa)
GBVMRLevSup( 314hPa)
GBVMRLevSup( 314hPa)
GBVMRLevSup( 314hPa)
GBVMRLevSup(478hPa)
GBVMRLevSup(478hPa)
GBVMRLevSup(478hPa)
GBVMRLevSup(478hPa)
GBVMRLev Sup( 684hPa)
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GBVMRLevSup( 684hPa)
GBVMRLev Sup( 684hPa)
GBVMRLev Sup( 684hPa)
GBVMRLev Sup( 932hPa)
GBVMRLev Sup( 932hPa)
GBVMRLev Sup( 932hPa)
GBVMRLev Sup( 932hPa)
CBVMRLev SupErr
CBVMRLev SupErr
C3VMRLev SupErr
G3VMRLev SupErr
CGBVMRLev SupErr (0. 1hPa)
CGBVMRLev SupErr (0. 1hPa)
GBVMRLev SupErr (0. 1hPa)
CGBVMRLev SupErr (0. 1hPa)
GBVMRLev SupErr (3. 3hPa)
GBVMRLev SupErr (3. 3hPa)
GBVMRLev SupErr (3. 3hPa)
GBVMRLev SupErr ( 3. 3hPa)
GBVMVRLev SupEr r (16hPa)
GBVMVRLev SupEr r (16hPa)
GBVMVRLev SupEr r (16hPa)
GBVMRLev SupEr r (16hPa)
GBVMVRLev SupEr r (47hPa)
GBVMVRLev SupEr r (47hPa)
GBVMVRLev SupEr r (47hPa)
GBVMVRLev SupEr r (47hPa)
GBVMRLev SupEr r (103hPa)
GBVMRLev SupEr r (103hPa)
GBVMRLev SupEr r (103hPa)
CGBVMRLev SupEr r (103hPa)
CGBVMRLev SupEr r (190hPa)
CGBVMRLev SupEr r (190hPa)
CGBVMRLev SupEr r (190hPa)
CGBVMRLev SupEr r (190hPa)
GBVMRLev SupEr r (314hPa)
GBVMRLev SupEr r (314hPa)
CGBVMRLev SupEr r (314hPa)
CGBVMRLev SupEr r (314hPa)
CBVMRLev SupEr r (478hPa)
CBVMRLev SupEr r (478hPa)
CBVMRLev SupEr r (478hPa)
CBVMRLev SupEr r (478hPa)
GBVMRLev SupEr r (684hPa)
CBVMRLev SupEr r (684hPa)
CBVMRLev SupEr r (684hPa)
CGBVMRLev SupEr r (684hPa)
GBVMRLev SupEr r (932hPa)
GBVMRLev SupEr r (932hPa)
GBVMRLev SupEr r (932hPa)
CGBVMRLev SupEr r (932hPa)
GBVMRSur f

GBVMRSur f
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GBVMRSur f
GBVMRSur f
GBVMRSur f Err
GBVMRSur f Err
GBVMRSur f Err
GBVMRSur f Err
num O3_Func

G3_trapezoi d_| ayers

B_eff _press
GB_VMR_ef f
GB_VMR_ef f
GB_VMR_ef f
GB_VMR_ef f
CB_VMR_eff _err
CB_VMR_eff _err
CB_VMR_eff _err
CB_VMR_eff _err
GB_verticality
3_dof
GB_ave_kern
CO_total _col um
CO_total _col um
CO_total _col um
CO_total _col um
COCDSup
COCDSup
COCDSup
COCDSup
COCDSup( 0. 1hPa)
COCDSup( 0. 1hPa)
COCDSup( 0. 1hPa)
COCDSup( 0. 1hPa)
COCDSup( 3. 3hPa)
COCDSup( 3. 3hPa)
COCDSup( 3. 3hPa)
COCDSup( 3. 3hPa)
COCDSup( 16hPa)
COCDSup( 16hPa)
COCDSup( 16hPa)
COCDSup( 16hPa)
COCDSup( 47hPa)
COCDSup( 47hPa)
COCDSup( 47hPa)
COCDSup( 47hPa)
COCDSup( 103hPa)
COCDSup( 103hPa)
COCDSup( 103hPa)
COCDSup( 103hPa)
COCDSup( 190hPa)
COCDSup( 190hPa)
COCDSup( 190hPa)
COCDSup( 190hPa)
COCDSup( 314hPa)
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0OCDSup( 314hPa) o)) 242781 0 2.693e+16 [ 1.005e+16, 1.431le+17
0OCDSup( 314hPa) Q 16789 0 2.401le+16 [ 1.284e+16, 4.208e+16
0OCDSup( 314hPa) @ 64337 0 2.539e+16 [ 3.189e+15, 1.952e+17
0OCDSup( 478hPa) 323907 0 3.774e+16 [ 1.377e+16, 2.908e+17
0OCDSup( 478hPa) o)) 242781 0 3.85le+16 [ 1.908e+16, 1.975e+17
0OCDSup( 478hPa) Q 16789 0 3.36le+16 [ 1.849e+16, 7.69e+16
0OCDSup( 478hPa) @ 64337 0 3.593e+16 [ 1.377e+16, 2.908e+17
0OCDSup( 684hPa) 314518 9389 4.748e+16 [ 2.266e+16, 4.279e+17
0OCDSup( 684hPa) o)) 241196 0 4.838e+16 [ 2.652e+16, 2.22e+17
0OCDSup( 684hPa) Q 16094 0 4.286e+16 [ 2.638e+16, 7.789e+16
0OCDSup( 684hPa) @ 57228 9389 4.497e+16 [ 2.266e+16, 4.279e+17
0OCDSup( 932hPa) 281825 42082 5.518e+16 [ 1.868e+16, 1.473e+17
0OCDSup( 932hPa) o)) 224668 0 5.578e+16 [ 2.849e+16, 1.28le+17
0OCDSup( 932hPa) Q 11896 0 5.277e+16 [ 3.439e+16, 9.009e+16
0OCDSup( 932hPa) @ 45261 42082 5.28le+16 [ 1.868e+16, 1.473e+17
OCOCDSUpEr r 30972691 1427309 6.45le+15 [ 2.889e+13, 4.7le+17
OCOCDSUpEr r Q@ 23388667 0 5.053e+15 [ 3.401e+13, 2.166e+17
OCOCDSUpEr r QL 1577374 0 7.548e+15 [ 3.513e+13, 1.182e+17
OCOCDSUpEr r @ 6006650 1427309  1.16e+16 [ 2.889e+13, 4.7le+17
COCDSUpEr r (0. 1hPa) 323907 0 4.118e+13 [ 3.466e+13, 1.615e+14
COCDSUpEr r (0. 1hPa) o)) 242781 0 3.935e+13 [ 3.466e+13, 1.163e+14
COCDSUpEr r (0. 1hPa) Q 16789 0 4.178e+13 [ 3.517e+13, 9.341e+13
COCDSUpEr r (0. 1hPa) @ 64337 0 4.793e+13 [ 3.579e+13, 1.615e+14
COCDSUpETr r ( 3. 3hPa) 323907 0 1.286e+14 [ 5.207e+13, 1.466e+15
COCDSUpETr r ( 3. 3hPa) o)) 242781 0 1.045e+14 [ 5.207e+13, 1.158e+15
COCDSUpETr r ( 3. 3hPa) Q 16789 0 1.492e+14 [ 5.695e+13, 9.094e+14
COCDSUpETr r ( 3. 3hPa) @ 64337 0 2.139e+14 [ 6.032e+13, 1.466e+15
COCDSupEr r ( 16hPa) 323907 0 3.743e+14 [ 1.084e+14, 4.367e+15
COCDSupETr r ( 16hPa) o)) 242781 0 2.989e+14 [ 1.084e+14, 3.697e+15
COCDSupEr r ( 16hPa) Q 16789 0 4.483e+14 [  1.9e+l4, 2.895e+15
COCDSupETr r ( 16hPa) @ 64337 0 6.395e+14 [ 1.953e+14, 4.367e+15
COCDSUpES r (47hPa) 323907 0 6.939e+14 [ 1.829e+14, 8.886e+15
COCDSUpEr r (47hPa) o)) 242781 0 5.339e+14 [ 1.829e+14, 7.764e+15
COCDSUpES r (47hPa) Q 16789 0 8.488e+14 [ 2.839e+14, 6.067e+15
COCDSUpEr r (47hPa) @ 64337 0 1.257e+15 [ 2.69e+14, 8.886e+15
COCDSupEr r ( 103hPa) 323907 0 1.588e+15 [ 4.525e+14, 2.089e+16
COCDSupEr r ( 103hPa) o)) 242781 0 1.243e+15 [ 4.525e+14, 1.728e+16
COCDSupEr r ( 103hPa) Q 16789 0 1.908e+15 [ 6.508e+14, 1.345e+16
COCDSupEr r ( 103hPa) @ 64337 0 2.808e+15 [ 6.16e+14, 2.089e+16
COCDSupEr r ( 190hPa) 323907 0 3.733e+15 [ 8.366e+14, 4.782e+16
COCDSUpEr r ( 190hPa) o)) 242781 0 2.84le+15 [ 8.366e+14, 4.264e+16
COCDSupEr r ( 190hPa) Q 16789 0 4.621e+15 [ 1.392e+15, 3.321e+16
COCDSupEr r ( 190hPa) @ 64337 0 6.866e+15 [ 1.187e+15, 4.782e+16
COCDSUpEr r ( 314hPa) 323907 0 7.874e+15 [ 1.258e+15, 1.065e+17
COCDSupEr r ( 314hPa) o)) 242781 0 5.877e+15 [ 1.258e+15, 9.349e+16
COCDSUpEr r ( 314hPa) Q 16789 0 9.947e+15 [ 2.584e+l15, 7.271e+16
COCDSUpEr r ( 314hPa) @ 64337 0 1.487e+16 [ 2.089e+15, 1.065e+17
COCDSUpEr r (478hPa) 323907 0 1.188e+16 [ 1.942e+15 1.639e+17
COCDSUpEr r (478hPa) o)) 242781 0 8.917e+15 [ 1.942e+15, 1.375e+17
COCDSUpEr r (478hPa) Q 16789 0 1.492e+16 [ 3.938e+15, 1.069e+17
COCDSUpEr r (478hPa) @ 64337 0 2.225e+16 [ 3.774e+15, 1.639e+17
COCDSUpEr r ( 684hPa) 314518 9389 1.794e+16 [ 5.938e+15, 3.084e+17
COCDSUpETr r ( 684hPa) o)) 241196 0 1.408e+16 [ 5.938e+15, 1.72e+17
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COCDSupEr r (684hPa)
COCDSupEr r (684hPa)
COCDSupEr r (932hPa)
COCDSupEr r (932hPa)
COCDSupEr r (932hPa)
COCDSupEr r (932hPa)
COVMRLev Sup
COVMRLev Sup
COVMRLev Sup
COVMRLev Sup
COVMRLev Sup( 0. 1hPa)
COVMRLev Sup( 0. 1hPa)
COVMRLev Sup( 0. 1hPa)
COVMRLev Sup( 0. 1hPa)
COVMRLev Sup( 3. 3hPa)
COVMRLev Sup( 3. 3hPa)
COVMRLev Sup( 3. 3hPa)
COVMRLev Sup( 3. 3hPa)
COVMRLev Sup( 16hPa)
COVMRLev Sup( 16hPa)
COVMRLev Sup( 16hPa)
COVMRLev Sup( 16hPa)
COVMRLev Sup( 47hPa)
COVMRLev Sup( 47hPa)
COVMRLev Sup( 47hPa)
COVMRLev Sup( 47hPa)
COVMRLev Sup( 103hPa)
COVMRLev Sup( 103hPa)
COVMRLev Sup( 103hPa)
COVMRLev Sup( 103hPa)
COVMRLev Sup( 190hPa)
COVMRLev Sup( 190hPa)
COVMRLev Sup( 190hPa)
COVMRLev Sup( 190hPa)
COVMRLev Sup( 314hPa)
COVMRLev Sup( 314hPa)
COVMRLev Sup( 314hPa)
COVMRLev Sup( 314hPa)
COVMRLev Sup( 478hPa)
COVMRLev Sup( 478hPa)
COVMRLev Sup( 478hPa)
COVMRLev Sup( 478hPa)
COVMRLev Sup( 684hPa)
COVMRLev Sup( 684hPa)
COVMRLev Sup( 684hPa)
COVMRLev Sup( 684hPa)
COVMRLev Sup( 932hPa)
COVMRLev Sup( 932hPa)
COVMRLev Sup( 932hPa)
COVMRLev Sup( 932hPa)
COVMRLev SupEr r
COVMRLev SupEr r
COVMRLev SupEr r
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16094
57228
281825
224668
11896
45261
30711454
23194535
1563479
5953440
323906
242781
16789
64336
323906
242781
16789
64336
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
312713
240922
15766
56025
275886
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44051
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23194535
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9389
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0
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.131e+16
. 326e+16
.513e+16
925e+16
. 083e+16
. 284e+16
. 487e-08
582e- 08
. 086e- 08
7.22e-08
1. 445e- 07
1. 447e-07
1. 447e-07
1. 44e-07
. 635e- 08
552e- 08
. 754e-08
.919e- 08
.137e-08
. 082e-08
265e- 08
.311e-08
2.39e-08
2.336e-08
2.499e- 08
2.567e-08
3.903e-08
3.97e-08
. 722e-08
696e- 08
252e-08
. 494e- 08
. 638e- 08
. 499e- 08
. 262e-08
. 604e- 08
269e- 08
. 233e-08
. 434e-08
. 696e- 08
. 434e-08
706e- 08
. 013e- 07
. 019e- 07
.431e-08
007e- 07
094e- 07
1. 08e- 07
1. 064e- 07
1.173e-07
9. 908e- 09
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9. 46e+15
. 967e+15
. 967e+15
. 167e+16
. 201e+16
. 669e-10
. 381e-08,
. 516e-08,
. 669e-10
. 208e- 09,
. 125e-07,
. 189e-07,
. 208e-09,
. 143e- 08,
. 105e- 08,
. 252e-08,
. 143e- 08,
. 212e-08,
. 381e-08,
. 529e- 08,
. 212e-08,
. 511e-08,
. 757e-08,
. 892e-08,
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. 663e-08,
. 257e-08,
. 682e-08,
. 663e-08,
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354e+15,

715e-08,

.417e-08,
. 561e-08,
. 715e-08,
. 833e-08,
. 685e-08,

419e- 08,

. 833e-08,
. 368e-08,
. 404e-08,
. 449e- 08,

368e-08,

. 131e-08,
. 006e- 08,
. 506e- 08,
. 131e-08,
. 659e- 08,
. 359e-08,
. 245e- 08,
. 659e- 08,
. 348e-09,

348e-09,

. 939e- 09,

. 308e+16
. 084e+17
. 386e+17
062e+17
. 135e+17
. 386e+17
. 332e- 06
. 332e- 06
201e- 06
. 287e-06
. 484e- 07
. 484e- 07
.271e-07
. 439e- 07
. 403e- 08
. 352e-08
.567e-08
. 403e- 08
. 731e-08
691e- 08
. 319e- 08
. 731e-08
. 999e- 08
. 096e- 08
. 288e-08
. 999e- 08
. 697e- 07
.547e-08
.174e-08
. 697e- 07
428e- 07
.114e-07
. 714e-08
. 428e- 07
137e- 07
287e-07
1. 21e-07
137e- 07
592e- 07
. 125e- 07
816e- 07
.592e- 07

7.73e-07
4. 359e- 07
1.588e-07
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. 238e- 07
149e- 07
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. 238e- 07
. 535e- 07
228e- 07
. 881e- 07
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COVMRLev SupEr r
COVMRLev SupErr (0. 1hPa)
COVMRLev SupErr (0. 1hPa)
COVMRLev SupErr (0. 1hPa)
COVMRLev SupErr (0. 1hPa)
COVMRLev SupEr r ( 3. 3hPa)
COVMRLev SupEr r ( 3. 3hPa)
COVMRLev SupEr r ( 3. 3hPa)
COVMRLev SupEr r ( 3. 3hPa)
COVMRLev SupEr r (16hPa)
COVMRLev SupEr r (16hPa)
COVMRLev SupEr r (16hPa)
COVMRLev SupEr r (16hPa)
COVMRLev SupEr r (47hPa)
COVMRLev SupEr r (47hPa)
COVMRLev SupEr r (47hPa)
COVMRLev SupEr r (47hPa)
COVMRLev SupEr r (103hPa)
COVMRLev SupEr r (103hPa)
COVMRLev SupEr r (103hPa)
COVMRLev SupEr r (103hPa)
COVMRLev SupEr r (190hPa)
COVMRLev SupEr r (190hPa)
COVMRLev SupEr r (190hPa)
COVMRLev SupEr r (190hPa)
COVMRLev SupEr r (314hPa)
COVMRLev SupEr r (314hPa)
COVMRLev SupEr r (314hPa)
COVMRLev SupEr r (314hPa)
COVMRLev SupEr r (478hPa)
COVMRLev SupEr r (478hPa)
COVMRLev SupEr r (478hPa)
COVMRLev SupEr r (478hPa)
COVMRLev SupEr r (684hPa)
COVMRLev SupEr r (684hPa)
COVMRLev SupEr r (684hPa)
COVMRLev SupEr r (684hPa)
COVMRLev SupEr r (932hPa)
COVMRLev SupEr r (932hPa)
COVMRLev SupEr r (932hPa)
COVMRLev SupEr r (932hPa)
COVMRSur f

COVMRSur f

COVMRSur f

COVMRSur f

COVMRSur f Err

COVMRSur f Err

COVMRSur f Err

COVMRSur f Err

num CO_Func
CO_trapezoi d_| ayers
CO eff _press
CO_VMR_ef f
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5953440
323906
242781
16789
64336
323906
242781
16789
64336
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
323907
242781
16789
64337
312713
240922
15766
56025
275886
220177
11658
44051
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242781
16789
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323907
242781
16789
64337
323907
2160
2820817

2829540

1688546
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95183
86460
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1.287e-08
2.599e- 08
2. 48e-08
2.683e-08
3. 026e-08
5.57e-09
. 735e- 09
463e- 09
487e- 09
. 409e- 09
. 683e- 09
.273e-09
. 923e-09
. 807e-09
.116e- 09
. 546e- 09
. 224e-09
.972e-09
.141e-09
865e- 09
. 872e-09
. 732e-09
. 749e- 09
. 938e- 09
.013e-08
. 003e- 09
.118e-09
.142e- 09
105e- 08
041e-09
6. 7e-09
196e- 09
289e- 09
. 503e- 09
.941e- 09
.501e- 09
. 637e-09
. 243e- 08
106e- 08
. 468e- 08
1.87e-08
1.138e-07
1.123e-07
1.108e-07
1.2e-07
.617e-08
487e- 08
744e-08
.072e-08
8.709
57. 56
409.9
7.59e-08
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1. 865e-09
2.148e-08
2.148e-08
2.226e-08
2.23e-08,
. 757e-09,
757e-09,
. 097e-09,
266e-09,
. 645e-09,
. 645e-09,
. 412e-09,
. 631e-09,
. 348e-09,
. 348e-09,
. 939e- 09,
. 865e-09,
. 783e-09,
. 783e-09,
528e-09,
.441e-09,
. 217e-09,
. 217e-09,
468e- 09,
. 339e-09,
2.47e-09,
2.47e-09,
4.131e-09
3.88e-09,
. 807e-09,
909e- 09,
. 879e-09,
. 807e-09,
517e-09,
517e-09,
3. 24e-09,
108e- 09,
583e-09,
. 583e-09,
. 812e-09,
. 342e-09,
676e-08,
. 394e-08,
. 329e-08,
. 676e-08,
. 477e-09,
. 477e-09,
347e-09,
. 191e-09,
0,

1,

1. 259,

6. 155e-09

WWNNNNRPRRRPRPRPPRPNNRPER®®O®NN

NIENIESIEIENIS

© © N NUONO OO NA AW

. 535e- 07
741e-08
. 288e-08
. 488e- 08
. 741e-08
. 252e-08
.291e-08
. 699e- 08
. 252e-08
684e- 08
696e- 08
2.1e-08
684e- 08
773e-08
. 693e- 08
.971e-08
. 773e-08
. 726e- 08
. 934e-08
987e- 08
. 726e- 08
. 109e- 08
. 999e- 08
.111e-08
. 109e- 08
. 525e- 08
. 642e-08
. 875e-08
. 525e- 08
. 146e- 08
637e-08
.327e-08
. 146e- 08
. 846e- 08
.247e-08
.124e-08
846e- 08
. 126e- 07
. 155e- 08
. 895e- 08
. 126e- 07
441e- 07
. 923e- 07
589e- 07
.441e- 07
1.3e-07

4. 95e- 08

3.401e-08
1.3e-07
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8. 941e- 07
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CO_VMR_ef f
CO_VMR_ef f
CO_VMR_ef f

CO VMR _eff _err
CO VMR _eff _err
CO VMR _eff _err
CO VMR _eff _err
CO verticality
CO_dof
CO_ave_kern
CH4_total _col um
CH4_total _col um
CH4_total _col um
CH4_total _col um
CHACDSup
CHACDSup
CHACDSup
CHACDSup
CHACDSup( 0. 1hPa)
CHACDSup( 0. 1hPa)
CHACDSup( 0. 1hPa)
CHACDSup( 0. 1hPa)
CHACDSup( 3. 3hPa)
CHACDSup( 3. 3hPa)
CHACDSup( 3. 3hPa)
CHACDSup( 3. 3hPa)
CHACDSup( 16hPa)
CHACDSup( 16hPa)
CHACDSup( 16hPa)
CHACDSup( 16hPa)
CHACDSup(47hPa)
CHACDSup(47hPa)
CHACDSup(47hPa)
CHACDSup(47hPa)
CHACDSup(103hPa)
CHACDSup( 103hPa)
CHACDSup(103hPa)
CHACDSup(103hPa)
CHACDSup(190hPa)
CHACDSup(190hPa)
CHACDSup(190hPa)
CHACDSup(190hPa)
CHACDSup(314hPa)
CHACDSup(314hPa)
CHACDSup(314hPa)
CHACDSup(314hPa)
CHACDSup(478hPa)
CHACDSup(478hPa)
CHACDSup(478hPa)
CHACDSup(478hPa)
CHACDSup( 684hPa)
CHACDSup( 684hPa)
CHACDSup( 684hPa)
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2152805
141268
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. 724e-08
.977e-08
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. 069e- 08
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3. 56e+19
. 565e+19
. 487e+19
. 555e+19
754e+17
. 759e+17
. 695e+17
. 749e+17
.373e+14
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CHACDSup( 684hPa) @ 99267 9389 8.551e+17 [ 5.95le+17, 2.346e+18
CHACDSup( 932hPa) 281825 42082 1.01le+18 [ 3.727e+17, 1.835e+18
CHACDSup( 932hPa) o)) 183518 0 1.012e+18 [ 8.647e+17, 1.161e+18
CHACDSup( 932hPa) Q 7897 0 1.018e+18 [ 9.252e+17, 1.13e+18
CHACDSup( 932hPa) @ 90410 42082 1.009e+18 [ 3.727e+17, 1.835e+18
CHACDSUpEr r 30972691 1427309  1.23e+16 [ 8.019e+11, 5.65le+17
CHACDSUpEr r Q@ 20281379 0 1.175e+16 [ 8.075e+11, 5.869e+16
CHACDSUpEr r Q 900371 0 1.168e+16 [ 8.019e+11, 5.932e+16
CHACDSUpEr r @ 9790941 1427309  1.35e+16 [ 8.056e+11, 5.65le+17
CHACDSUpET r (0. 1hPa) 323907 0 1.713e+13 [ 4.602e+12, 6.971le+14
CHACDSUpET r (0. 1hPa) o)) 212097 0 1.723e+13 [ 4.602e+12, 3.87e+13
CHACDSUpET r (0. 1hPa) Q 9454 0 9.737e+12 [ 4.62e+12, 3.574e+13
CHACDSUpET r (0. 1hPa) @ 102356 0 1.76e+13 [ 4.617e+12, 6.971le+14
CHACDSUpET r ( 3. 3hPa) 323907 0 2.507e+14 [ 9.066e+13, 7.687e+15
CHACDSUPpET r ( 3. 3hPa) o)) 212097 0 2.511le+l4 [ 9.066e+13, 5.076e+14
CHACDSUpET r ( 3. 3hPa) Q 9454 0 1.602e+14 [ 9.25le+13, 4.647e+14
CHACDSUPpET r ( 3. 3hPa) @ 102356 0 2.584e+14 [ 9.149e+13, 7.687e+15
CHACDSUpET r ( 16hPa) 323907 0 1.367e+15 [ 7.83e+l4, 2.992e+16
CHACDSUpET r ( 16hPa) o)) 212097 0 1.334e+15 [ 7.83e+l4, 2.028e+15
CHACDSUpET r ( 16hPa) Q 9454 0 1.091le+15 [ 8.088e+14, 1.823e+15
CHACDSUpET r ( 16hPa) @ 102356 0 1.459e+15 [ 7.92e+14, 2.992e+16
CHACDSUpET r ( 47hPa) 323907 0 3.813e+15 [ 2.664e+15, 7.186e+16
CHACDSUpET r ( 47hPa) o)) 212097 0 3.66le+l5 [ 2.682e+15, 4.559e+15
CHACDSUpET r ( 47hPa) Q 9454 0 3.387e+15 [ 2.82e+l15, 4.252e+15
CHACDSUpET r ( 47hPa) @ 102356 0 4.167e+15 [ 2.664e+15, 7.186e+16
CHACDSUpET r ( 103hPa) 323907 0 8.133e+15 [ 4.335e+15, 1.284e+17
CHACDSUpET r ( 103hPa) o)) 212097 0 7.797e+15 [ 6.344e+15 8.931le+15
CHACDSUpET r ( 103hPa) Q 9454 0 7.614e+15 [ 6.758e+15, 8.653e+15
CHACDSUpET r ( 103hPa) @ 102356 0 8.878e+15 [ 4.335e+15, 1.284e+17
CHACDSUpET r ( 190hPa) 323907 0 1.113e+16 [ 6.425e+15, 1.958e+17
CHACDSUpET r ( 190hPa) o)) 212097 0 1.055e+16 [ 9.13e+15, 1.181le+16
CHACDSUpET r ( 190hPa) Q 9454 0 1.077e+16 [ 9.618e+15, 1.186e+16
CHACDSUpET r ( 190hPa) @ 102356 0 1.237e+16 [ 6.425e+15, 1.958e+17
CHACDSUpET r ( 314hPa) 323907 0 1.55le+16 [ 1.202e+16, 2.729e+17
CHACDSUpET r ( 314hPa) o)) 212097 0 1.465e+16 [ 1.225e+16, 1.682e+16
CHACDSUpET r ( 314hPa) Q 9454 0 1.5e+16 [ 1.331e+16, 1.663e+16
CHACDSUpET r ( 314hPa) @ 102356 0 1.733e+16 [ 1.202e+16, 2.729e+17
CHACDSUpET r ( 478hPa) 323907 0 2.093e+16 [ 1.601e+16, 3.565e+17
CHACDSUpET r ( 478hPa) o)) 212097 0 1.98e+16 [ 1.655e+16, 2.702e+16
CHACDSUpET r ( 478hPa) Q 9454 0 2.017e+16 [ 1.713e+16, 2.45e+16
CHACDSUpET r ( 478hPa) @ 102356 0 2.334e+16 [ 1.601e+16, 3.565e+17
CHACDSUpET r ( 684hPa) 314518 9389 2.632e+16 [ 1.788e+16, 4.445e+17
CHACDSUpET r ( 684hPa) o)) 205984 0 2.511e+16 [ 2.065e+16, 4.554e+16
CHACDSUpET r ( 684hPa) Q 9267 0 2.569e+16 [ 2.15e+16, 4.417e+16
CHACDSUpET r ( 684hPa) @ 99267 9389 2.889e+16 [ 1.788e+16, 4.445e+17
CHACDSUpET r ( 932hPa) 281825 42082 3.986e+16 [ 1.555e+16, 5.349e+17
CHACDSUpET r ( 932hPa) o)) 183518 0 3.849e+16 | 3e+16, 5.629e+16
CHACDSUpET r ( 932hPa) Q 7897 0 3.802e+16 [ 2.96e+16, 5.252e+16
CHACDSUpET r ( 932hPa) @ 90410 42082 4.282e+16 [ 1.555e+16, 5.349e+17
CHAVMRLevSUp 30711466 1688534 1.404e-06 [ 1.226e-07, 5.137e-06
CHAVMRLevSup Q@ 20111517 0 1.414e-06 [ 1.398e-07, 2.099e- 06
CHAVMRLevSup Q 892433 0 1.333e-06 [ 1.412e-07, 2.022e-06
CHAVMRLevSup @ 9707516 1688534 1.39e-06 [ 1.226e-07, 5.137e-06
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CHAVMRLevSup( 0. 1hPa) 323907 0 4.888e-07 [ 1.226e-07, 1.202e-06
CHAVMRLevSup( 0. 1hPa) o)) 212097 0 5.157e-07 [ 1.417e-07, 1.129e-06
CHAVMRLevSup( 0. 1hPa) Q 9454 0 2.949e-07 [ 1.436e-07, 1.069e-06
CHAVMRLevSup( 0. 1hPa) @ 102356 0 4.509e-07 [ 1.226e-07, 1.202e-06
CHAVMRLevSup( 3. 3hPa) 323907 0 5.926e-07 [ 2.394e-07, 1.32e-06
CHAVMRLevSup( 3. 3hPa) o)) 212097 0 6.179e-07 [ 2.394e-07, 1.173e-06
CHAVMRLevSup( 3. 3hPa) Q 9454 0 4.055e-07 [ 2.435e-07, 1.134e-06
CHAVMRLevSup( 3. 3hPa) @ 102356 0 5.575e-07 [ 2.402e-07, 1.32e-06
CHAVMRLevSup( 16hPa) 323907 0 1.036e-06 [ 6.319e-07, 1.676e-06
CHAVMRLevSup( 16hPa) o)) 212097 0 1.057e-06 [ 6.615e-07, 1.493e-06
CHAVMRLevSup( 16hPa) Q 9454 0 8.818e-07 [ 6.722e-07, 1.444e-06
CHAVMRLevSup( 16hPa) @ 102356 0 1.006e-06 [ 6.319e-07, 1.676e-06
CHAVMRLevSup( 47hPa) 323907 0 1.438e-06 [ 9.563e-07, 2.081le-06
CHAVMRLevSup( 47hPa) o)) 212097 0 1.451e-06 [ 1.121e-06, 1.724e-06
CHAVMRLevSup( 47hPa) Q 9454 0 1.351e-06 [ 1.154e-06, 1.686e-06
CHAVMRLevSup( 47hPa) @ 102356 0 1.418e-06 [ 9.563e-07, 2.081e-06
CHAVMRLevSup( 103hPa) 323907 0 1.635e-06 [ 8.844e-07, 2.949e-06
CHAVMRLevSup( 103hPa) o)) 212097 0 1.643e-06 [ 1.383e-06, 1.844e-06
CHAVMRLevSup( 103hPa) Q 9454 0 1.6e-06 [ 1.459e-06, 1.793e-06
CHAVMRLevSup( 103hPa) @ 102356 0 1.624e-06 [ 8.844e-07, 2.949e-06
CHAVMRLevSup( 190hPa) 323907 0 1.718e-06 [ 1.175e-06, 3.306e-06
CHAVMRLevSup( 190hPa) o)) 212097 0 1.721e-06 [ 1.52e-06, 1.889e-06
CHAVMRLevSup( 190hPa) Q 9454 0 1.705e-06 [ 1.583e-06, 1.839e-06
CHAVMRLevSup( 190hPa) @ 102356 0 1.712e-06 [ 1.175e-06, 3.306e-06
CHAVMRLevSup( 314hPa) 323907 0 1.757e-06 [ 1.395e-06, 3.556e-06
CHAVMRLevSup( 314hPa) o)) 212097 0 1.758e-06 [ 1.577e-06, 1.93e-06
CHAVMRLevSup( 314hPa) Q 9454 0 1.749e-06 [ 1.626e-06, 1.91e-06
CHAVMRLevSup( 314hPa) @ 102356 0 1.756e-06 [ 1.395e-06, 3.556e-06
CHAVMRLevSup( 478hPa) 323907 0 1.78e-06 [ 1.477e-06, 3.512e-06
CHAVMRLevSup( 478hPa) o)) 212097 0 1.78e-06 [ 1.613e-06, 1.983e-06
CHAVMRLevSup( 478hPa) Q 9454 0 1.774e-06 [ 1.639e-06, 1.943e-06
CHAVMRLevSup( 478hPa) @ 102356 0 1.781e-06 [ 1.477e-06, 3.512e-06
CHAVMRLevSup( 684hPa) 312713 11194 1.798e-06 [ 1.226e-06, 4.685e-06
CHAVMRLevSup( 684hPa) o)) 204458 0 1.797e-06 [ 1.614e-06, 2.028e-06
CHAVMRLevSup( 684hPa) Q 9195 0 1.796e-06 [ 1.65e-06, 1.965e-06
CHAVMRLevSup( 684hPa) @ 99060 11194 1.799e-06 [ 1.226e-06, 4.685e-06
CHAVMRLevSup( 932hPa) 275886 48021 1.816e-06 [ 8.634e-07, 3.92le-06
CHAVMRLevSup( 932hPa) o)) 179860 0 1.816e-06 [ 1.558e-06, 2.087e-06
CHAVMRLevSup( 932hPa) Q 7772 0 1.82e-06 [ 1.653e-06, 2.013e-06
CHAVMRLevSup( 932hPa) @ 88254 48021 1.817e-06 [ 8.634e-07, 3.92le-06
CHAVMRLev SupEr r 30711466 1688534 3.703e-08 [ 7.738e-09, 1.383e-06
CHAVMRLev SupEr r Q@ 20111517 0 3.687e-08 [ 7.745e-09, 3.17e-07
CHAVMRLev SupEr r Q 892433 0 3.295e-08 [ 7.793e-09, 1.024e-07
CHAVMRLev SupEr r @ 9707516 1688534 3.775e-08 [ 7.738e-09, 1.383e-06
CHAVMRLevSUupEr r (0. 1hPa) 323907 0 3.478e-08 [ 8.943e-09, 9.211le-07
CHAVMRLevSUupEr r (0. 1hPa) o)) 212097 0 3.559e-08 [ 8.943e-09, 8.223e-08
CHAVMRLeVSUpEr r (0. 1hPa) Q 9454 0 2.015e-08 [ 8.993e-09, 7.608e-08
CHAVMRLevSUupEr r (0. 1hPa) @ 102356 0 3.447e-08 [ 9.025e-09, 9.211le-07
CHAVMRLeVSUupEr r ( 3. 3hPa) 323907 0 3.505e-08 [ 1.317e-08, 5.743e-07
CHAVMRLeVSUpEr r ( 3. 3hPa) o)) 212097 0 3.573e-08 [ 1.317e-08, 7.356e-08
CHAVMRLeVSUpEr r ( 3. 3hPa) Q 9454 0 2.317e-08 [ 1.336e-08, 6.728e-08
CHAVMRLeVSUpEr r ( 3. 3hPa) @ 102356 0 3.475e-08 [ 1.326e-08, 5.743e-07
CHAVMRLeV SupEr r ( 16hPa) 323907 0 4.625e-08 [ 2.791e-08, 5.222e-07
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CHAVMRLev SupEr r (190hPa)
CHAVMRLev SupEr r (190hPa)
CHAVMRLev SupEr r (190hPa)
CHAVMRLev SupEr r ( 314hPa)
CHAVMRLev SupEr r (314hPa)
CHAVMRLev SupEr r ( 314hPa)
CHAVMRLev SupEr r (314hPa)
CHAVMRLev SupEr r (478hPa)
CHAVMRLevSupEr r (478hPa)
CHAVMRLev SupEr r (478hPa)
CHAVMRLev SupEr r (478hPa)
CHAVMRLev SupEr r ( 684hPa)
CHAVMRLev SupEr r ( 684hPa)
CHAVMRLev SupEr r ( 684hPa)
CHAVMRLev SupEr r ( 684hPa)
CHAVMRLev SupEr r (932hPa)
CHAVMRLev SupEr r (932hPa)
CHAVMRLev SupEr r (932hPa)
CHAVMRLev SupEr r (932hPa)
CHAVMRSur f

CHAVMRSur f

CHAVMRSur f

CHAVMRSur f

CHAVMRSur f Er r
CHAVMRSur f Er r
CHAVMRSur f Er r
CHAVMRSur f Er r

num CH4_Func
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YR8 |/RLRE /KR8 /LY L8R8 8L KL KLY RK®LRE RKRSY

CH4_trapezoi d_| ayers_10f unc

CH4_ef f _press_10func
CH4_VNMR_ef f _10f unc
CHA_VNMR_ef f _10f unc
CHA_VNMR_ef f _10f unc
CHA_VNMR_ef f _10f unc
CH4A_VNMR_ ef f _10func_err
CH4A_VNMR_ ef f _10func_err
CHA_VNMR_ ef f _10func_err
CH4A_VNMR_ ef f _10func_err
CH4_verticality_10func
CH4_dof
CH4_ave_kern_10f unc

YR8 R|RSE

212097
9454
102356
323907
212097
9454
102356
323907
212097
9454
102356
323907
212097
9454
102356
323907
212097
9454
102356
323907
212097
9454
102356
312713
204458
9195
99060
275886
179860
7772
88254
323907
212097
9454
102356
323907
212097
9454
102356
323907
2400
3198046
3207832
2100394
93283
1014155
3198046
2100394
93283
1004369
3198016
322923
32400000

O O 0O OO0 oo o o o

41954
32168

32168
41954

41954
41984
984

0
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4. 62e-08
3. 824e-08
4.711e-08

5e-08
. 943e- 08
591e- 08
. 156e- 08
. 766e- 08
. 699e- 08
606e- 08
919e- 08
4.12e-08
069e- 08
093e- 08
. 229e- 08
. 318e-08
. 295e- 08
. 296e- 08
. 369e- 08
153e- 08
.141e-08
. 105e- 08
182e- 08
.019e-08

1. 99e- 08
2.123e-08
2.068e-08
4.283e-08
4.212e-08

4. 26e- 08
.431e-08
822e- 06
. 822e- 06
. 819e- 06
. 823e- 06
.091e- 08
. 034e-08
054e- 08
.212e-08

9.873
53.9
330.3
1.615e- 06

1. 62e- 06
. 581e- 06
609e- 06
.916e- 08
912e- 08
. 873e-08
4. 93e-08

0. 5266
0. 8974
0. 05198
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. 189%e-07, 4.97e-06

. 247e-07, 2.002e-06
. 196e-07, 4.97e-06
. 716e-09, 1.494e-07
. 716e-09, 8.425e-08

. 805e-09, 1.494e-07

.791e-08, 6.863e-08 ]
864e-08, 6.258e-08 ]
.802e-08, 5.222e-07 ]
.538e-08, 4.556e-07 ]
.689e-08, 6.041e-08 ]
.872e-08, 5.745e-08 ]
.538e-08, 4.556e-07 ]
. 724e-08, 3.485e-07 ]
896e-08, 5.233e-08 ]
. 096e-08, 5.148e-08 ]
. 724e-08, 3.485e-07 ]
. 767e-08, 2.248e-07 ]
.341e-08, 4.451e-08 ]
.472e-08, 4.443e-08 ]
. 767e-08, 2.248e-07 ]
.896e-08, 1.051e-07 ]
.943e-08, 3.761e-08 ]
. 065e-08, 3.746e-08 ]
.896e-08, 1.051e-07 ]
444e-08, 2.102e-07 ]
476e-08, 5.182e-08 ]
1.53e-08, 2.949e-08 ]
444e-08, 2.102e-07 ]
325e-08, 2.35le-07 ]
. 604e-08, 5.791e-08 ]
. 649e-08, 5.643e-08 ]
.325e-08, 2.351e-07 ]
.951e-08, 2.657e-07 ]
.657e-08, 5.435e-08 ]
. 736e-08, 5.316e-08 ]
.951e-08, 2.657e-07 ]
719e-07, 5.194e-06 ]
543e-06, 2.102e-06 ]
1.65e-06, 2.026e-06 ]
719e-07, 5.194e-06 ]
526e-08, 2.758e-07 ]
. 452e-08, 6.317e-08 ]
538e-08, 5.863e-08 ]
.526e-08, 2.758e-07 ]
0, 10 ]

1, 88 ]

1. 429, 899.2 ]

]

]

]

]

]

]

]

]

]

]

189e-07, 2.123e-06

945e-09, 8.409e-08

-0.3359, 1.514
0, 1.75
-0.2104, 0. 8595 ]



ol r

ol r

ol r

ol r

spectral ol r
spectral ol r
spectral ol r
spectral ol r

ol r3x3

ol r3x3

ol r3x3

ol r3x3

olr_err

olr_err

olr_err

olr_err

clrolr

clrolr

clrolr

clrolr_err
clrolr_err
clrolr_err
spectralclrolr
spectralclrolr
spectralclrolr

ft pt geoga
zengeoga
dengeoga

al | _spots_avg
retrieval _type
Surfd ass

I R_Preci p_Est

I R_Preci p_Est

I R_Preci p_Est

I R_Preci p_Est

I R_Preci p_Est3x3
I R_Preci p_Est3x3
I R_Preci p_Est3x3
I R_Preci p_Est3x3
IR _Preci p_Est_Err
IR _Preci p_Est_Err
IR _Preci p_Est_Err
IR _Preci p_Est_Err
TAi r MAONl y

TAi r MAONl y

TAi r MAONl y

TAi r MAONI y( 0. 1hPa)
TAi r MAONI y( 0. 1hPa)
TAi r MAONI y( 3. 3hPa)
TAi r MAONI y( 3. 3hPa)
TAi r MOl y(16hPa)
TAi r MOl y(16hPa)
TAi r MOl y(47hPa)
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I8 88 /8 KRB /L8 KRB KRS

8 8 8 88 8LRE8 8RB RS

323907 0
322926 0
658 0

323 0
5182528 1472
5166816 0
10544 0
5168 1472
2915172 828
2906334 0
5931 0
2907 828
323907 0
322926 0
658 0

323 0
323907 0
280015 0
43892 0
323907 0
280015 0
43892 0
5182528 1472
4480240 0
702288 1472
323907 0
323907 0
323907 0
323907 0
324000 0
323907 0
323907 0
322926 0
658 0

323 0
2915172 828
2906334 0
5931 0
2907 828
323907 0
322926 0
658 0

323 0
30972691 1427309
30575466 0
397225 1427309
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
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230.8
231
163. 3
161. 4
14. 43
14. 44
10. 22
10. 09
230.8
231
163.5
161. 4
5. 006
5

7

7

251
255.1
224.8
12.71
10

30

15. 69
15. 94
14. 05
0

0

0. 01092
0.074
0. 1096
2.224
2.31
2.273
14. 56
14. 85
2.31
2.273
14.53
14. 85
0. 4621
0. 4546
2.911
2.97
236.
236.
258.
240.
240.
244,
244,
222.
222.
212.
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80. 24,

80. 24,

89. 4,
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7,
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88. 43,
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TAi r MAOnI y( 47hPa) o)) 323907 0 212.2 | 182. 9, 231.9
TAi r MAONI y( 103hPa) 323907 0 207.3 | 181. 8, 234.3
TAi r MAONI y( 103hPa) o)) 323907 0 207.3 | 181. 8, 234.3
TAi r MAONI y( 190hPa) 323907 0 216.8 | 189. 9, 236.8
TAi r MAONI y( 190hPa) o)) 323907 0 216.8 | 189. 9, 236.8
TAi r MAONI y( 314hPa) 323907 0 231.4 | 203. 1, 258. 4
TAi r MAONI y( 314hPa) o)) 314141 0 231.2 | 203. 1, 251.5
TAi r MAONI y( 314hPa) @ 9766 0 237 [ 208. 5, 258. 4
TAi r MAONI y( 478hPa) 323907 0 251.9 | 216. 2, 277.8
TAi r MAOnI y( 478hPa) o)) 314141 0 251.7 | 216. 2, 276.3
TAi r MAONI y( 478hPa) @ 9766 0 258.4 | 223. 8, 277.8
TAi r MAONI y( 684hPa) 314518 9389 268.7 | 211. 6, 295. 4
TAi r MAOnI y( 684hPa) o)) 304855 0 268.5 | 211. 6, 295. 4
TAi r MAONI y( 684hPa) @ 9663 9389 274.5 | 236. 5, 292.8
TAi r MAONI y( 932hPa) 281825 42082 281.2 | 234, 313.1
TAi r MAONI y( 932hPa) o)) 273360 0 281 [ 234, 313.1
TAi r MAONI y( 932hPa) @ 8465 42082 287.5 | 241. 9, 312.7
TAi r MAONI yEr 8261788 810212 2.573 | 0.9841, 8. 959
TAi r MAOnI yEr r ( 1000hPa) 182070 141837 7.338 | 3, 8.15
TAi r MAONI yEr 1 ( 400hPa) 314141 9766 2.011 | 1. 576, 3
TAi r MAOnI yEr r ( 70hPa) 314141 9766 1.442 | 1. 259, 3
TAi r MAONI yEr 1 ( 7. OhPa) 314141 9766 1.602 | 1. 395, 3
TAi r MAONI yEr (0. 5hPa) 314141 9766 3.613 | 2. 395, 4.357
MABUr f O ass 323907 0 2.224 | 0, 7
sf cTOMWBt d 1619540 648460 193.1 | 75. 15, 347.6
sf cTbMWBt d Q@ 1256568 0 191.1 | 75. 15, 313.2
sf cTbMWBt d @ 362972 648460 200 [ 82. 83, 347.6
Eri sMASt d 1619540 648460 0.6913 [ 0.2751, 1.161
Eri sMASt d Q@ 1570710 0 0.6876 [ 0.2814, 1
Eri sMASt d @ 48830 648460 0.8115 [ 0.2751, 1.161
Enmi sMASt dEr r 1619540 648460  0.04861 | 0. 015, 1
Enmi sMASt dEr r Q@ 1570710 0  0.01903 [ 0. 015, 1
Enmi sMASt dEr r @ 48830 648460 1 1, 1
Eni s50GHz 323907 0 0.697 | 0. 2899, 1
Eni s50GHz o)) 314141 0 0.6935 [ 0. 3966, 1
Eni s50GHz @ 9766 0 0.81 [ 0. 2899, 1
t ot H2OMADNI ySt d 323907 0 19.66 [  0.06155, 94. 35
t ot H2OMADNI ySt d Q 176898 0 25.13 | 1. 948, 72.35
t ot H2OMADNI ySt d @ 147009 0 13.08 [  0.06155, 94. 35
H20CDMADNI y 30972691 1427309  7.06e+20 [ 1.17e+11, 3.799e+22
H20CDMADNI y QL 17185670 0 8.866e+20 [ 1.68le+l5, 2.438e+22
H20CDMADNI y @ 13787021 1427309 4.809e+20 [ 1.17e+11, 3.799e+22
H20CDMADNI y( 0. 1hPa) 323907 0 7.58e+15 [ 6.525e+15, 8.189e+15
H20CDMADNI y( 0. 1hPa) Q 176898 0 7.719e+15 [ 6.555e+15, 8.189e+15
H20CDMADNI y( 0. 1hPa) @ 147009 0 7.412e+15 [ 6.525e+15, 8.179e+15
H20CDMADNI y( 3. 3hPa) 323907 0 7.484e+16 [ 6.67e+16, 8.46e+16
H20CDMADNI y( 3. 3hPa) Q 176898 0 7.304e+16 [ 6.67e+16, 8.446e+16
H20CDMADNI y( 3. 3hPa) @ 147009 0 7.701le+16 [ 6.672e+16, 8.46e+16
H20CDMADNI y ( 16hPa) 323907 0 2.064e+17 [ 2.038e+17, 2.246e+17
H20CDMADNI y ( 16hPa) Q 176898 0 2.044e+17 [ 2.038e+17, 2.193e+17
H2OCDMANI y ( 16hPa) @ 147009 0 2.088e+l17 [ 2.038e+17, 2.246e+17
H2OCDMAONI y ( 47hPa) 323907 0 4.206e+17 [ 4.188e+17, 4.237e+17
H2OCDMADNI y ( 47hPa) Q 176898 0 4.21e+17 [ 4.188e+17, 4.237e+17
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H2 OCDMADNI y( 47hPa)

H2 OCDMADNI y( 103hPa)

H2 OCDMADNI y( 103hPa)

H2 OCDMADNI y( 103hPa)

H2 OCDMADNI y( 190hPa)

H2 OCDMADNI y( 190hPa)

H2 OCDMADNI y( 190hPa)

H2 OCDMADNI y( 314hPa)

H2 OCDMADNI y( 314hPa)

H2 OCDMADNI y( 314hPa)

H2 OCDMADNI y( 478hPa)

H2 OCDMADNI y( 478hPa)

H2 OCDMADNI y( 478hPa)

H2 OCDMADNI y( 684hPa)

H2 OCDMADNI y( 684hPa)

H2 OCDMADNI y ( 684hPa)

H2 OCDMADNI y ( 932hPa)

H2 OCDMADNI y( 932hPa)

H2 OCDMADNI y( 932hPa)

totCl dH20st d

totCl dH20st d

totCl dH20st d

tot Cl dH2Cst dEr r

tot Cl dH2Cst dEr r

tot Cl dH2Cst dEr r
satzen_ansu

satazi _ansu

MM ngeSur f FreqGHz

Preci pAA4_50km

Preci pAA5_50km

Preci pAA6_50km

Preci pAA7_50km

Pr eci pAA8_50km

Preci pAA9_50km

Preci pAA4_15km

Preci pAA5_15km

Preci pAA6_15km

Preci pAA7_15km

Preci pAA8_15km

Preci pAA9_15km

AMSU_A 4_Preci p_Corr_50km
AMSU_A 5_Preci p_Corr_50km
AMSU_A 6_Preci p_Corr_50km
AMSU_A 7_Preci p_Corr_50km
AMSU_A 8_Preci p_Corr_50km
AMSU_A 9_Preci p_Corr_50km
AMSU_A 4_Preci p_Corr_15km
AMSU_A 5_Preci p_Corr_15km
AMSU_A 6_Preci p_Corr_15km
AMSU_A 7_Preci p_Corr_15km
AMSU_A 8_Preci p_Corr_15km
AMSU_A 9_Preci p_Corr_15km
rai n_rat e_50km

IR ®/L /L, /LR 8L, /KL, /LR, KL

147009
323907
176898
147009
323907
176898
147009
323907
176898
147009
323907
176898
147009
314518
176897
137621
281825
176838
104987
323907
176897
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299257
176897
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323907
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0
0
0
0
0
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0
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0
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0
0
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9389
42082

42082
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24650

0

0

0
323907
323907
323907
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323907
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2916000
2916000
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2916000
2916000
2916000
323907
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.3lle+17
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rai n_rate_15km

| wCDSup

| wCDSup

| wCDSup

| wCDSup( 0. 1hPa)

| wCDSup( 0. 1hPa)

| wCDSup( 0. 1hPa)

| wCDSup( 3. 3hPa)

| wCDSup( 3. 3hPa)

| wCDSup( 3. 3hPa)

| wCDSup( 16hPa)

| wCDSup( 16hPa)

| wCDSup( 16hPa)

| wCDSup( 47hPa)

| wCDSup( 47hPa)

| wCDSup( 47hPa)

| wCDSup( 103hPa)

| wCDSup( 103hPa)

| wCDSup( 103hPa)

| wCDSup( 190hPa)

| wCDSup( 190hPa)

| wCDSup( 190hPa)

| wCDSup( 314hPa)

| wCDSup( 314hPa)

| wCDSup( 314hPa)

| wCDSup( 478hPa)

| wCDSup( 478hPa)

| wCDSup( 478hPa)

| wCDSup( 684hPa)

| wCDSup( 684hPa)

| wCDSup( 684hPa)

| wCDSup( 932hPa)

| wCDSup( 932hPa)

| wCDSup( 932hPa)

| wCDSuUpEr r

| wCDSuUpEr r

| wCDSuUpEr r

| wCDSuUpErr (0. 1hPa)
| wCDSuUpErr (0. 1hPa)
| wCDSuUpErr (0. 1hPa)
| wCDSuUpEr r (3. 3hPa)
| wCDSuUpEr r (3. 3hPa)
| wCDSuUpEr r (3. 3hPa)
| wCDSupEr r ( 16hPa)

| wCDSupEr r ( 16hPa)

| wCDSupEr r ( 16hPa)

| WCDSuUpEr r (47hPa)

| WCDSuUpEr r (47hPa)

| WCDSuUpEr r (47hPa)

| wCDSuUpEr r (103hPa)
| wCDSuUpEr r (103hPa)
| wCDSuUpEr r (103hPa)
| wCDSuUpEr r (190hPa)
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| wCDSuUpEr r (190hPa)
| wCDSuUpEr r (190hPa)
| WCDSUpEr r (314hPa)
| WCDSUpEr r (314hPa)
| WCDSUpEr r (314hPa)
| WCDSuUpEr r (478hPa)
| WCDSuUpEr r (478hPa)
| WCDSUpEr r (478hPa)
| wCDSuUpEr r (684hPa)
| wCDSuUpEr r (684hPa)
| wCDSuUpEr r (684hPa)
| WCDSUpEr r (932hPa)
| wCDSuUpEr r (932hPa)
| wCDSuUpEr r (932hPa)
cl Wsup

cl WBup( 0. 1hPa)

cl WBup( 3. 3hPa)

cl WBup(16hPa)

cl WBup(47hPa)

cl WBup(103hPa)

cl WBup(190hPa)

cl WBup( 314hPa)

cl WBup(478hPa)

cl WBup( 684hPa)

cl WBup(932hPa)

sat zen_hsb

satazi _hsb
tsurf_forecast
Forecast _Wnd_U
Forecast _Wnd_V
MODI S _enmi s

MODI S_emi s_dev
MODI S_emi s_qct
MODI S_eni s_spots

MODI S_emi s_spots_dev

MODI S_enmi s_10_hi nge
MODI S_LST

MODI S_LST_dev

MODI S_LST_qct

MODI S_LST_spot s

MODI S_LST_spot s_dev
CO2ppmv

CO2ppmv

CO2ppnvErr
CO2ppnvErr
TSurfClim
TSurfAirdim
TAIrdim

TAi rd i m( 0. 1hPa)

TAi rd i m( 3. 3hPa)

TAi r d i m(16hPa)

TAi r d i m(47hPa)

TAi r d i m(103hPa)
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IR RK®L! KL KL KR

176898 0
147009 0
323907 0
176898 0
147009 0
323907 0
176898 0
147009 0
314518 9389
176897 0
137621 9389
281825 42082
176838 0
104987 42082
30972691 1427309
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
314518 9389
281825 42082
0 323907

0 323907
323907 0
323907 0
323907 0
603576 1340424
603576 1340424
1296000 0
4945728 12550272
4945728 12550272
1005960 2234040
124018 199889
124018 199889
1296000 0
1038036 1877964
1038036 1877964
323907 0
323907 0
323907 0
323907 0
323907 0
323907 0
32390800 9200
323907 0
323907 0
323907 0
323907 0
323907 0
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TAi r d i m(190hPa) 323907
TAi r d i m(314hPa) 323907
TAi r d i m(478hPa) 323907
TAi r d i m( 684hPa) 323907
TAi r d i m(932hPa) 323907
H2OCDCl i m 32390800
H2OCDCl i n( 0. 1hPa) 323907
H2OCDCl i n( 3. 3hPa) 323907
H2OCDCl i n( 16hPa) 323907
H2OCDCl i n( 47hPa) 323907
H2OCDCl i n( 103hPa) 323907
H2OCDCl i n( 190hPa) 323907
H2OCDCl i n( 314hPa) 323907
H2OCDCl i n( 478hPa) 323907
H2OCDCl i n( 684hPa) 323907
H2OCDCl i n( 932hPa) 323907
Tr opo_CCl 322926
Tr opo_CCl Q 50324
Tr opo_CCl QL 229691
Tr opo_CCl Q 42911
Tropo_CCl _Est _Err 322926
Strato_CCl 322926
Strato_CCl Q 50324
Strato_CCl QL 229691
Strato_CCl Q 42911
Strato_CCl _Est _Err 322926
Moonl nVi ewd R 323907
pseudo_| apse_rate 2915172
TAi r SCCNN 30972686
TAi r SCCNN( 0. 1hPa) 323907
TAi r SCCNN( 3. 3hPa) 323907
TAi r SCCNN( 16hPa) 323907
TAi r SCCNN( 47hPa) 323907
TAi r SCCNN( 103hPa) 323907
TAi r SCCNN( 190hPa) 323907
TAi r SCCNN( 314hPa) 323907
TAi r SCCNN( 478hPa) 323907
TAi r SCCNN( 684hPa) 314518
TAi r SCCNN( 932hPa) 281825
TAi r d dyReg 30972691
TAi r d dyReg( 0. 1hPa) 323907
TAi r d dyReg( 3. 3hPa) 323907
TAi r d dyReg( 16hPa) 323907
TAi r d dyReg( 47hPa) 323907
TAi r d dyReg( 103hPa) 323907
TAi r d dyReg( 190hPa) 323907
TAi r d dyReg( 314hPa) 323907
TAi r d dyReg( 478hPa) 323907
TAi r d dyReg( 684hPa) 314518
TAi r d dyReg( 932hPa) 281825
H2 OCDSCCNN 30972686
H2 OCDSCCNN( 0. 1hPa) 323907
H2 OCDSCCNN( 3. 3hPa) 323907

0 215.7

0 231.2
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0 267.2
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0 2.064e+17

0 4.206e+17
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0 0
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42082 281.7
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0 239.4
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0 5.041e+16
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H2 OCDSCCNN( 16hPa)

H2 OCDSCCNN( 4 7hPa)

H2 OCDSCCNN( 103hPa)
H2 OCDSCCNN( 190hPa)
H2 OCDSCCNN( 314hPa)
H2 OCDSCCNN( 478hPa)
H2 OCDSCCNN( 684 hPa)
H2 OCDSCCNN( 932hPa)
H20CDCl dyReg

H20CDCl dyReg( 0. 1hPa)
H20CDCl dyReg( 3. 3hPa)
H20CDCl dyReg( 16hPa)
H20CDCl dyReg(47hPa)
H20CDCl dyReg(103hPa)
H20CDCl dyReg(190hPa)
H20CDCl dyReg(314hPa)
H20CDCl dyReg(478hPa)
H20CDCl dyReg(684hPa)
H20CDCl dyReg(932hPa)
TSur f SCCNN

TSur f 1Ret

TSur f Ai r 1Ret

TAi r 1Ret

TAI r 1Ret (0. 1hPa)

TAI r 1Ret ( 3. 3hPa)

TAI r 1Ret (16hPa)

TAI r 1Ret (47hPa)

TAi r 1Ret (103hPa)

TAi r 1Ret (190hPa)

TAi r 1Ret (314hPa)

TAi r 1Ret (478hPa)

TAi r 1Ret (684hPa)

TAi r 1Ret (932hPa)

H2 OCD1Ret
H2OCD1Ret (0. 1hPa)
H2OCD1Ret ( 3. 3hPa)
H2OCD1Ret ( 16hPa)
H2OCD1Ret (47hPa)
H2OCD1Ret ( 103hPa)
H2OCD1Ret ( 190hPa)
H2OCD1Ret ( 314hPa)
H2OCD1Ret ( 478hPa)
H2OCD1Ret ( 684hPa)
H2OCD1Ret ( 932hPa)
Q3CDI ni t

QBCDI nit (0. 1hPa)
QBCDI ni t (3. 3hPa)
Q3CDI ni t (16hPa)

QBCDI ni t (47hPa)

QBCDI ni t (103hPa)
QBCDI ni t (190hPa)
QBCDI ni t (314hPa)
QBCDI ni t (478hPa)
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927e+08,
. 205e+14
. 285e+15
1.57e+16
. 227e+16
. 763e+16
266e+15,
. 994e+16
. 112e+17
. 86le+12
. 127e+15
196.
196.
196.
156.
229.
226.
193.
182.
182.
187.
204.
221.
178.
216.
. 585e+14
.401e+15
. 579e+16
572e+16,
928e+16,
. 507e+17
.121e+17
. 451e+17
393e+18,
. 771e+18
. 398e+19

NN PR NR O W

N ORFRP P WNPRPE NP O~ O

O N WO NP ®APRP P ®

O OO0 oo oo o

1
3

B oW NN ©ORBR PR

.051e+17
.371e+17
.561e+18
. 629e+19
. 329e+20
.573e+21
.615e+21
.613e+22
583e+22
895e+16
.431le+17
. 386e+17
.519e+18
. 754e+18
. 069e+19
. 382e+20
5. 41e+21
.472e+22
. 815e+22
332.
332.
336.
322.
264.
263.
239
232.5
234

236.
257.
275.
294.
316.

. 969e+22
.577e+16
. 351e+17
051e+17
371e+17
.561e+18
. 629e+19
. 329e+20
573e+21
.615e+21
.613e+22

o 0 © kP © ©

o Wk O N

O O O 0O O o o o o
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QBCDI ni t (684hPa)

QBCDI ni t (932hPa)

nunHi ngeSur f FG

freqEm sFG

freqEm sFG(649)

freqEm sFGQ725)

freqEm sFG(909)

freqEm sFG(1163)

freqEm sFGQ1205)

freqEm sFG(1639)

freqEm sFGQ(2174)

freqEm sFGQ(2381)

freqEm sFGQ2500)

freqEm sFGQ(2632)

em sl RFG

em sl RFG( 649)

em sl RFQ(725)

em sl RFG(909)

em sl RFG(1163)

em sl RFG(1205)

em sl RFG(1639)

em sl RFG(2174)

em sl RFG(2381)

em sl RFG(2500)

em sl RFG(2632)

freqEm sinit

em sIRInit

rhol R ni t

FracLandPl usl ce

C dCl ear Param

CC1_Noi se_Anp
Tsurf_4_CCl

TotCld_4_CC1

CC1_RCode

CC2_RCode

Phys_RCode

Tot Cl d_bel ow_500nb
Phys_resi d_ANMSUA
Phys_resid_I R wi ndow_790
Phys_resid_I R wi ndow_844
Phys_resid_I R wi ndow 917
Phys_resid_I R wi ndow_1231
Phys_resid_I R wi ndow 2513
Phys_resid_I R wi ndow_2616
CBTnOBT1231

CBTnOBT1231s

CC_noi se_eff_anp_factor
CC1_noi se_ef f_anp_factor
CCl_Resi d

CCfi nal _Resi d

CCf i nal _Noi se_Anp
Tdiff_IR_MNret

Tdiff_I R 4CC1

0

0
323907
12632412
323907
323907
323907
323907
323907
323907
323907
323907
323907
323907
12632412
323907
323907
323907
323907
323907
323907
323907
323907
323907
323907
9360

0

0
323907
2915172
323907
323907
323907
323907
323584
323249
323249
3875112
322926
322926
322926
322926
322914
322898
2909241
2909241
323842
323842
323907
323907
323907
323249
323249

323907
323907

0
19767588

O O OO0 O o o o o o

19767588

O O OO O o o o o o

2640
16200000
16200000

0
828
0
0

0
323
658
658

984888
981
981
981
981
993

1009
6759
6759
65
65

0

658
658
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nan
nan
39
1380
649. 3
724.6
909.1
1163
1205
1639
2174
2381
2500
2632
. 9709
. 9573
. 9639
9829
9728
9721
. 9743
. 9644
. 9607
9627
. 9648
1380
nan

O 00000 oo oo o

nan
0. 4363

. 815e-10

1. 242

281.7

0. 5068
0

. 002033
. 001036

0. 2888
0. 1355
0. 4007
0. 2411

. 005794

0.1232
0.397
0. 7106
0.5178
-0.355
12. 08
33.2
1. 417
0.598
1.241
0. 6288
0.9673

39,

649. 3,
649. 3,
724.6,
909. 1,
1163,
1205,
1639,
2174,
2381,
2500,
2632,

. 6652,
. 9067,
. 9117,
. 9176,
. 6652,
6652,
. 9472,
. 8015,
. 7379,
. 7145,
. 6905,

649. 3,

- 56.
- 39.
- 39.
- 30.
-31.
-23.
-43.

61

-24.8,

-24.8,
0. 3333,
0. 3333,
0. 09384,
0. 07768,
0. 3333,

0,

0. 001355,

© O o

3
2632
649. 3
724.6
909.1
1163
1205
1639
2174
2381
2500
2632
0.999
0.999

]
]
]
]
]
]
]
]
]
]
]
]
]
]
]
]

0.9971 ]
0.9949 ]

oo oo o

0. 996
0. 996
. 9899
. 9958
. 9943
9875
. 9865
2632

0

59.91
32.37

36. 89
36. 85
70. 58
114.9
80. 09
80. 09

1203

2224
29. 42
28. 17
42.02

45.8
50. 02

]
]
]
]
]
]
]
]
]
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TSurfdiff_I R 4CC1 323249 658 4.706 [ 0, 71.4 ]
TSurfdiff_I R 4CC2 323249 658 4.706 [ 0, 71.4 ]
AMSU_Chans_Resi d 323249 658 0.2482 [ 7.749e-07, 17.25 ]
Tot Cl d_4_CCfi nal 323907 0 0.4574 | 0, 1]
Surf_Resid_Ratio 323186 721 1.379 [ 0.002192, 56. 27 ]
Tenp_Resid_Ratio 323186 721 1.74 [ 0. 2008, 36.28 ]
Water _Resi d_Ratio 322966 941 1.118 [ 0.005691, 15.98 ]
O oud_Resi d_Rati 03x3 2602728 313272 0.1759 [ 0, 391.6 ]
O oud_Resi d_Ratio 289192 34715 0.1759 [ 0, 363.6 ]
O3_Resid_Ratio 322962 945 0.568 [ 0.000134, 7.498 ]
CO_Resid_Ratio 322923 984 0.2792 | 0, 16.74 ]
CH4_Resi d_Ratio 322923 984 0.5595 [ 0, 19.48 ]
MACheck_Resi d_Rati o 322962 945 0.2753 | 0. 01305, 4.287 ]
invalid 323907 0 0 [ 0, 0]
MNret _used 323907 0 0.003029 [ 0, 1]
bad_cl ouds 323907 0 0 [ 0, 0]
Start_dim 323907 0 2.702 [ 2, 5]
Startup 323907 0 4 [ 4, 4]
cl d_surf_fallback 323249 658 0.1586 [ 0, 1]
nchan_bi g_ang_adj 323907 0 0.08368 [ 0, 85 ]
bad_I 1b 323907 0 0 [ 0, 0]
bad_I 1b_ansu 323907 0 0 [ 0, 0]
bad_I 1b_hsb 323907 0 1 ] 1, 1]
bad_I 1b_airs 323907 0 0 [ 0, 0]
bad_I 1b_vi s 323907 0 0.49 [ 0, 1]
forecast 323907 0 0 [ 0, 0]
no_psurf_guess 323907 0 0 [ 0, 0]
bad_t enps 323907 0 0 [ 0, 0]
bad_h2o 323907 0 0 [ 0, 0]
bad_o3 323907 0 0.003029 [ 0, 1]
bad_co 323907 0 0.006076 [ 0, 2]
no_t uni ng 0 323907 nan [ 0, 0]
no_ang_corr 323907 0 0 [ 0, 0]
no_mw 323907 0 0 [ 0, 0]
no_initial 323907 0 1 [ 1, 1]
no_final 323907 0 0 [ 0, 0]
mwv_f pe 323907 0 0 [ 0, 0]
cl oudy_reg_f pe 323907 0 0 [ 0, 0]
initial_fpe 323907 0 0 [ 0, 0]
final _fpe 323907 0 0 [ 0, 0]
MAPr eci p 0 323907 nan [ 0, 0]
MAsur f _TO 323907 0 0.1787 | -150. 3, 174.7 ]
MAsur f _Ti nf 323907 0 4.323 | -216.7, 194.5 ]
MAsecant _ratio 186450 137457 1.122 | 1, 1.813 ]
MAseai ce_conc 323907 0 0.1343 [ 0, 1]
MN esi dual _t enp 323907 0 1.604 [ 0.001373, 423.3 ]
MN esi dual _ni s 323907 0 215.9 [ 0.0347, 1.001e+06 ]
MN esi dual _AMSUA 4858620 1380 0.02031 [ -119. 5, 66. 35 ]
MN esi dual _HSB 1619540 460 0 [ 0, 0]
MAN t er _t enp 323907 0 2.058 [ 1, 12 ]
MAN/ t er _nmoi s 323907 0 4.019 [ 1, 16 ]
nw_r et _code 323907 0 0.5741 [ 0, 36 ]
scenn_ret_code 323907 0 0 [ 0 0]
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cl oudy_reg_ret_code
d oudy_Reg_FOV_chan
d oudy_Reg_FOV

d oudy_Reg_FOV_BT
d oudy_Reg_Score
cloud_ice

i cc_too_cl oudy
icc_low contrast
icc_bad_rad
icc_contrast

bad_1st

bad_1st _surf

bad_1st _cc
bad_1st_regres
bad_1st _phys
fcc_too_cl oudy
fcc_l ow _contrast
fcc_bad_rad
fcc_contrast1l
fcc_contrast2
bad_fi na
bad_fi nal _cc
bad_final _ir
bad_fi nal _surf
bad_fi nal _tenp
bad_fi nal _h2o
bad_fi nal _o3
bad_fi nal _cl oud
bad_cc_cl d_ret
MNIR ret_differ
bad_MN | ow resid

MN | ow atmresid
final _AMSU r et

final _HSB_ret
final _cl oud_ret
final _cl oud_spot _ret 3x3
final _surf_ret

final _tenp_ret

final _h2o_ret

final _o3_ret

final _ch4_ret

final _co_ret

final _co2_ret

bad_vi s_rad

bad_vi s_ca

bad_vi s_det _tenp
bad_scan_hd_t enp
Initial _CC_score
Initial _CC _subscores
scenn_bt _corr
scenn_bt _corr_freq
rel ayer _num nonpos_coef _h2o
rel ayer _num nonpos_coef _03

323907
323907
323907
323907
323907
323907
323907
0
323907
0

0
323907
323907
0

0
323249
323249
323249
323907
322926
323907
323907
323249
323907
323907
323907
323249
0

0
322926
322926
322926
323907
323907
323907
2915172
322926
322926
322926
322926
322926
322926
0
323907
323907
323907
323907
323907
2267356
647816
647816
323907
323907

O O 0O O o o o

323907
0
323907
323907
0

0
323907
323907
658
658
658

0

981

658
323907
323907

981

981

981

0

828
981
981
981
981
981
981
323907

o O © o o

972644
184
184
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1301
5.018
265.5

0. 9222

nan

nan
nan

nan

nan

0

0

0

1.241
1.203

0

0. 002031
0. 0009992
0

0

0

0. 0009992
nan

nan

6. 193e- 06
3.097e- 06
4.955e- 05
3. 406e- 05
nan

0

0

0

0

0. 9222

0. 9361
3.392
2224

9. 262e- 06
0

©O OO0 00 opr OO0 o oo o

0. 3333,
0. 3333,

O OO0 00 o oo oo o

7.749e-07

O O OO0 OO0 0 o000 oo oo wo

0. 8024,
0. 3101,
-14.7,
2216,
0,

0,

0]
1301 ]
9]
315.2 ]

=
~
O OO0 OO0 O kFr OO0 o o o o N

N
BN
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y o
w N

O O 0O O kFr OO0 O Fr F o

-
N
N
ol
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=
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30. 27
68. 01
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rel ayer _num nonpos_coef _co
rel ayer _num nonpos_coef_ch4
rel ayer_num knot s

rel ayer _degree

rel ayer_runge_kutta_bits
Num_ Fi I | _Chan_d oudy_Reg
Num_Fi | | _Chan_SCCNN
Num_Fi | | _Chan_Ang_Ad]

Doppl er _shift_ppm
spectral _cl ear_i ndi cat or
num cl ear _spectral _i ndi cat or
orbi t _phase_deg

shift_y0

scan_freq

L1cProc

L1lcCl eanReason

L1C Reconst _Bi as

L1C Reconst _Dev

323907
323907
323907
323907
323907
323907
323907
323907
323907
2916000
323907
10799
183583
25680022
25682400
25682400
0

0

0 1.544e-05
0 3.705e-05

4.3. Cloud cleared radiances (‘airiccf’)

Fi el dnanme

-1

0. 04
-13
64

o o

217,

oo oo

255,
-2
-1,

301

.72,

9. 6,

0,

0,

0,

0

1

-1

w

O OO0 O Ul O O © NNPEFP R P OOMDPE O

24

3.3
266

radi ances

radi ances

radi ances

radi ances

radi ances( 650)
radi ances( 650)
radi ances( 650)
radi ances( 650)
radi ances(790)
radi ances(790)
radi ances(790)
radi ances(790)
radi ances(844)
radi ances(844)
radi ances(844)
radi ances(844)
radi ances(917)
radi ances(917)
radi ances(917)
radi ances(917)
radi ances(1231)
radi ances(1231)
radi ances(1231)
radi ances(1231)
radi ances(2513)
radi ances(2513)
radi ances(2513)
radi ances(2513)
radi ances(2616)

YR8 /RLR8 /LY /LB R8BRB8 KRB KRS

717303340
263131176
242225138
211947026
322908
274036
28313
20559
322926
45365
109711
167850
322926
46140
94419
182367
322926
50500
88402
184024
322926
63366
116457
143103
322914
77695
84319
160900
322898

0 33.53

0 4

0 0. 001235

0 0. 008722

0 0.0002809

0 0. 004816

0 -0.01041

0 0. 3157

0 0.1128

1 177.7

17 -13.51

2378 1337

0 0

0 0

570720 nan

570720 nan
NunBad Mean

53168660 39.13

0 35.01

0 37.49

53168660 46. 11

999 46. 4

0 47. 07

0 43. 24

999 41.75

981 97. 49

0 109. 4

0 107.8

981 87. 54

981 90. 99

0 103.1

0 103.6

981 81.4

981 81. 04

0 93. 34

0 93. 27

981 71.78

981 39.43

0 48. 18

0 42.5

981 33.05

993 0.621

0 0. 8163

0 0.775

993 0. 4461

1009 0. 4882
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-15
0. 004
0.001

-15

8
28
26
8

17.
14.
11.
11.
15.
11.

8
8
10

N PP

1
-0.01
0. 00
0. 002
-0.01
-0.01

5.6,
028,
404,
5.6,
688,
.75,
.81,
688,
14,
14,
94,
47,
62,
62,
19,
62,
625,
625,
.72,
758,
887,
887,
535,
898,
611,
647,
319,
611,
093,



radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi
radi

ances(2616)
ances(2616)
ances(2616)
ances(2665)
ances(2665)
ances(2665)
ances(2665)
ance_err
ance_err
ance_err
ance_err
ance_err (650)
ance_err (650)
ance_err (650)
ance_err (650)
ance_err (790)
ance_err (790)
ance_err (790)
ance_err (790)
ance_err (844)
ance_err (844)
ance_err (844)
ance_err (844)
ance_err (917)
ance_err (917)
ance_err (917)
ance_err (917)
ance_err (1231)
ance_err (1231)
ance_err (1231)
ance_err(1231)
ance_err (2513)
ance_err (2513)
ance_err (2513)
ance_err (2513)
ance_err (2616)
ance_err (2616)
ance_err (2616)
ance_err (2616)
ance_err (2665)
ance_err (2665)
ance_err (2665)
ance_err (2665)

d dCl ear Par am

nom

nal _freq

scanang
sat hei ght
satrol

satpitch

satyaw

satzen

sat azi

sol zen
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YR8 /LRE /L8 LL8 8RB /L8 KL KR8 /”RY /L8 K/RSY

73989
79210
169699
322809
72775
87393
162641
717303340
263131176
242225138
211947026
322908
274036
28313
20559
322926
45365
109711
167850
322926
46140
94419
182367
322926
50500
88402
184024
322926
63366
116457
143103
322914
77695
84319
160900
322898
73989
79210
169699
322809
72775
87393
162641
2915172
570720
323907
10800
10800
10800
10800
323907
323907
323907

1009
1098

0

0

1098
53168660
0

0
53168660
999

0

0

999

981

981
981

981
981

981
981

981
993

993
1009

1009
1098

1098
828

O O O 0O O o o o o
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. 6514
5985
3656
. 3907
. 5282
. 4706
. 2862
1.799
0. 2623
1. 147
4.452
0. 6744
0. 2846
1.375
4.906
4.864
0.5991
2.709
7.425
5.028
0.5974
2.725
7.34
4.695
0.5702
2.612
6. 827
2.341
0. 4486
1.58
3.799
0. 06363
0.01193
0. 05598
0. 0926
0. 05359
0. 00932
0. 04436
0. 0772
0. 04205
0. 008081
0. 03567
0. 06067
-5.157e-10
1337
-0.04109
714.5
- 0. 0004961
-0.02367
- 0. 0006888
28.08
0. 02965
90. 55

O oo oo oo

[
[
[

[
[

[
[

0. 004395,
0. 001526,
-0. 01093,
-0. 01575,
0. 006348,
0. 002319,
-0. 01575,
. 0003242,
. 0003242,
. 0003242,
. 0003242,
0.2188,
0.2188,
0. 7266,
1. 719,
0. 08105,
0. 08105,
0.8438,
1. 344,
0. 09375,
0. 09375,
0.7344,
1. 203,
0. 03369,
0. 03369,
0.5391,
0.9844,
0. 01221,
0. 01221,
0.1797,
0.3027,
. 0005035,
. 0005035,
. 0005112,
. 0005112,
0.000351,
0.000351,
. 0003586,
. 0003586,
. 0004883,
. 0004883,
. 0004959,
. 0004959,

[ -27.62,
649. 6,
-47.91,
703.7,

[ -0.03416,
-0. 03092,

[ -0.03821,
1.73,
- 180,
14. 77,

o O o o

o O o o

O O O O o o

4.04

P wsrO

]
]
]
]
]
]
]
176.2 ]
2.016 ]
5.312 ]
176.2 ]
36.25 ]
1]
2.594 ]
36.25 ]
99.33 ]
1.719 ]
4.812 ]
99.33 ]
96. 42 ]
1.734 ]
4.922 ]
96. 42 ]
90. 87 ]
1.691 ]
4.984 ]
90. 87 ]
37.61 ]
1.217 ]
3.934 ]
37.61 ]
2.27 ]
0.1042 ]
0.3157 ]
2.27 ]
2.739 ]
0.08679 ]
0.2757 ]
2.739 ]
2.3 ]
0.1083 ]
0.2294 ]
2.3 ]
32.75 ]
2665 |
47.83 ]
730.3 ]

0. 03116 ]
-0. 007053 ]
0. 03502 ]
55.83 ]
180 ]
165.2 ]



sol azi

glintlat

glintlon
sun_gl i nt_di st ance
nadi r TA

sat_| at

sat_l on
scan_node_type
topog

topog_err

I andFr ac

I andFrac_err

ft pt geoga
zengeoga

dengeoga

sat geoga

gl i ntgeoga
noongeoqga

Cal Fl ag

Cal ScanSunmmary

Cal ChanSunmmary
Excl udedChans

or bi t _phase_deg
shift_y0
scan_freq

Doppl er _shift_ppm
NeN_L1B

NeN_L1B Static
dust _flag

CC_noi se_eff_anp_factor
CC1_noi se_ef f_anp_factor
CCl_Resi d
CCfi nal _Resi d
TotCl d_4_CCfi nal
CCf i nal _Noi se_Anp
invalid

al | _spots_avg
MNret _used

bad_cl ouds
retrieval _type
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172264 151643
5353 5447
5353 5447

323907
10800
10800
10800
10800

323907

323907

323907

323907

323907

323907

323907
10800
10800
10800

25682400
10800

570720

570720
10799

183583 17
25680022 2378

323907

556824 13896

570720
323907

323842 65
323842 65

323907
323907
323907
323907
323907
323907
323907
323907
324000
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-52.04
7.832
-0. 7059
. 554e+04
. 055e+08
-1.526
-0.4735
66. 51
343.1
32.41

0. 3314
0. 03044
0

0

0. 01092
0

1.025

. 259e- 05
0. 8156
0. 1836
0.9731
0.7792
177.7
-13.51
1337
-0.01041
0.2972
0. 3893
-0.636
12. 08
33.2

1. 417
0.598

0. 4574
1.241

0

0.074

0. 003029
0

0. 1096

- 180,

- 65. 87,

- 180,

0,

3. 054e+08
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